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(54) Method for transmitting an orthogonal frequency division multiplex (OFDM) signal and 
transmitter/receiver therefor 



(57) Each of a plurality of carrier waves is modu- 
lated with one of information signals for each symbol, 
one of two types of reference signals known on a receiv- 
ing side is alternately inserted into a pair of particular 
carrier waves of which frequencies are symmetic to 
each other with respect to a frequency of a central car- 
rier wave for each symbol while dianging the frequen- 
cies of the pair of particular carrier waves at two symljol 
intervals to insert tiie reference signal into all carrier 
waves every prescribed symbols, a symbol number is 
inserted into one carrier wave to specify the pair of par- 
ticular carrier waves, and an ortiiogonal frequency divi- 
sion multiplex (OFDM) signal composed of the 
modulated can-ier waves are transmitted from transmit- 
ting apparatus to a receiving apparatus through a spa- 



tial transmission path. In the receiving apparatus, tiie 
OFDM signal is demodulated, two types of reproduced 
reference signals are obtained, a characteristic of a 
transmission path including tiie spatial transmission 
path and transmission characteristics of ttie transmitting 
and receiving apparatuses is detected by comparing tiie 
reproduced reference signals and the reference signals, 
a connecting equation is calculated, and each modulated 
information signal is reproduced according to the cor- 
recting equation. Accordingly, tiie reproduced informa- 
tion signals can be obtained with a high accuracy 
without complicating tiie configuration of tiie transmit- 
ting and receiving apparatuses. 
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Description 

BACKGROUND OF THE INVENTION 

1, FIELD OF THE INVENTION: 

The present invention relates to an orthogonal frequency division multiplex signal transmitting method in which a 
coded digital picture signal transformed into an orthogonal frequency division multiplex (OFDM) signal of a limited fre- 
quency band is transmitted and the digital picture signal is reproduced, an orthogonal frequency division multiplex sig- 
nal transmitting apparatus in which the picture signal is transformed to the OFDM signal arid is transmitted, and an 
orthogonal frequency division multiplex signal receiving apparatus in which the OFDM signal is demodulated and the 
picture signal is reproduced, 

2. DESCRIPTION OF THE RELATED ART: 

As one of methods for transmitting a coded digital picture signal in a limited frequency band, an orthogonal fre- 
quency division multiplex (OFDM) method in which digital information processed in a multivalued modulation accoirling 
to a 256 quadrature amplitude modulation (QAM) method is transmitted as an orthogonal frequency division multiplex 
signal by using a large number of canrier waves is well-known because an adverse influence of a multi-path transmis- 
sion or a transmission disturbance is not comparatively exerted on tiie OFDM signal and a frequency utilization factor 
in the OFDM method is comparatively superior. In ttiis OFDM method, a large number of carrier waves orthogonal to 
each otiier are prepared, and a large number of pieces of digital information are separately transmitted by using ttie car- 
rier waves. In ttiis case, a sentence "a first carrier wave is orthogonal to a second carrier wave" denotes that a spectrum 
of the second (or first) carrier wave is zero at a carrier frequency of the first (or second) canier wave. 

In a transmitting apparatus for transmitting tiie OFDM signal, a plurality of pairs of in-phase (I) signals and quadra- 
ture (Q) signals in a digital base band are obtained by performing an inverse discrete Fourier transformation (IDFT) for 
a piece of transmissfon data, the I signals and Q signals pass through a digital-to-analog (D/A) converter and a low pass 
filter (LPF) and are transformed and combined to an OFDM signal of an intermediate frequency (IF) in an orthogonal 
modulating unit, tiie OFDM signal of tiie intermediate frequency is frequency-changed to a radio frequency band in a 
frequency changing circuit, an unnecessary frequency component is removed from the OFDM signal of ttie radio fre- 
quency band in a band pass filter (BPF), an electric power of the OFDM signal of the radio frequency band is amplified 
in a transmission unit, and tiie OFDM signal of the radio frequency band is radiated from a transmission antenna. 

In a receiving apparatus for receiving ttie OFDM signal, tfie OFDM signal of the radio frequency band is frequency- 
changed to an intermediate frequency in a frequency changing circuit and is amplified in an amplifier. Thereafter, an 
unnecessary frequency component is removed from tiie OFDM signal of ttie intermediate frequency in a band pass fil- 
ter, and the OFDM signal of the intermediate frequency is demodulated to the I signals and the Q signals in an ortiiog- 
onal demodulating unit. Thereafter, the I signals and Q signals pass through a low pass filter, an analog-to digital (A/D) 
converter, a disaete Fourier transforming circuit and a quadrature amplitude modulation decoding circuit, and the ti-ans- 
mission data is reproduced. 

In tiie above transmission of tiie OFDM signal in the transmitting and receiving apparatuses, in cases where a rel- 
ative amplitude characteristic difference or a relative phase characteristic difference between a group of the I signals 
and a group of tiie Q signals exists or in cases where a pair of modulating waves or a pair of demodulating waves 
exactly having a 90 degrees phase difference are not fed to the ortiiogonal modulating unit or tiie orthogonal demodu- 
lating unit, a code en-or occurs in an I or Q signal in ttie transmitting or receiving apparatus. That is. amplitude and 
phase changes of a frequency of the I or Q signal and a crosstalk (or an image conponent) from the frequency of the 
I or Q signal to an symmetric opposite frequency occurs. 

To prevent tiie occurrence of the code en-or, various metiiods for preventing the occurrence of a characteristic dif- 
ference such as an amplitude characteristic difference or a phase characteristic difference between a group of the I sig- 
nals and a group of the Q signals are proposed in Published Unexamined Japanese Patent Applications H6-350658 
(1994). H3-76623 (1991). H5-227239 (1993). H5-1 10369 (1993). H3-53735(1991), H6-188932 (1994) and H4-290337 
(1992). 

Also, a correction for setting the frequency amplitude characteristics and the frequency phase characteristics of ttie 
I signals and the Q signals to prescribed characteristics has been proposed. For example, a correction of ttie frequency 
amplitude characteristics and ttie frequency phase characteristics in the I signals and ttie Q signals, a correction of 
phases of tiie orthogonal modulating waves, a correction of the frequency amplitude characteristics and the frequency 
phase characteristics in the processing of the signal of the intermediate frequency band and/or a correction of the fre- 
quency amplitude characteristics and the frequency phase characteristics in ttie processing of the signal of ttie radio 
frequency band are proposed for the transmitting apparatus, and a correction of the frequency amplitude characteristics 
and ttie frequency phase characteristics in the I signals and the Q signals, a correction of phases of ttie orthogonal 
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modulating waves, a correction of the frequency amplitude characteristics and the frequency phase characteristics in 
the processing of the signal of the intermediate frequency band, a correction of the frequency amplitude characteristics 
and the frequency phase characteristics in the processing of the signal of the radio frequency band and/or a correction 
of the frequency amplitude characteristics and the frequency phase characteristics in a multi-path circumstance for an 
electric wave transmission are proposed for the receiving apparatus (Published Unexamined Japanese Patent Applica- 
tions H6-31 1 134 (1994) and H5-219021 (1993)). 

3. PROBLEMS TO BE SOLVED BY THE INVENTION: 

However, configurations of the above conventional transmitting and receiving apparatuses in which one of the 
above correcting methods is performed are complicated, so that a manufacturing cost of each apparatus is increased. 
Also, in cases where a plurality of code errors occur, the conf durations of the above conventional transmitting and^ 
receiving apparatuses are moreover complicated to con-ect the all code errors. Also, the code enors cannot be cor- 
rected with a high precision even though one of the above correcting methods is performed. Also, all of the above cor- 
recting methods are not appropriate for the OFDM signal. 

In addition, a difference in amplitude between a group of I signals and a group of Q signals is not compensated in 
a conventional con-ecting method disclosed in a Published Unexamined Japanese Patent Application H6-1 88932 
(1994) in which a difference in an orthogonal characteristic between transmitting and receiving apparatuses Is compen- 
sated. Also, in a conventional con-ecting method disclosed in a Published Unexamined Japanese Patent Application 
H4-290337 (1 992), though a digital orthogonal modulating unit is arranged at a front stage of a D/A converter in a frans- 
mitting unit and an error occurring in the transmitting apparatus is prevented in principle, because an operational speed 
of ttie D/A converter and a bit width are limited, ttiere is a drawback that a useful fransmitting apparatus is limited. 

Therefore, because each of the amplitude characteristic difference between a group of I signals and a group of Q 
signals, the phase characteristic difference between a group of I signals and a group of Q signals, a difference in tiie 
orthogonal characteristic between a group of I signals and a group of Q signals is a direct cause of a code en^or in a 
transmitted signal and a received signal, the code error is removed or compensated in conventional transmitting/receiv- 
ing method and apparatus. However, tiie improvement of tiie conection of tiie code error is limited. In addition, because 
frequency characteristic difference between a group of I signals and a group of Q signals is not compensated in any 
conventional transmitting/receiving metiiod and apparatus, any transmitting/receiving method and apparatus appropri- 
ate for the OFDM signal Is not proposed. 

SUMMARY OF THE INVENTION 

An object of tiie present invention is to provide, witii due consideration to the drawbacks of such a conventional 
orthogonal frequency division multiplex signal transmitting/receiving metiiod and apparatus, ortiiogonal frequency divi- 
sion multiplex signal transmitting metiiod and apparatus and an orthogonal frequency division multiplex signal receiving 
apparatus in which a circuit configuration is simplified by correcting an occurred error to prevent tiie occurrence of a 
code error. 

Also, another object of tiie present Invention is to provide orthogonal frequency division multiplex signal t-ansmit- 
ting metiiod and apparatus and an orthogonal frequency division multiplex signal receiving apparatus appropriate for 
an OFDM signal in which frequency characteristics are con-ected. 

The objects are achieved by the provision of an orthogonal frequency division multiplex signal transmitting metiiod, 
comprising tiie steps of: 

preparing a plurality of carrier waves having difference frequencies; 

classifying the plurality of canrier waves into a central carrier wave, a plurality of positive carrier waves having fre- 
quencies higher than that of tiie central carrier wave and a plurality of negative carrier waves having frequencies 
lower than that of the central carrier wave; 

calculating a set of an in-phase signal and a quadrature signal from each of a plurality of information signals on a 
transmitting side for each of symbols; 

modulating each of the plurality of positive carrier waves and each of the plurality of negative earner waves with one 
of a plurality of sets of in-phase and quadrature signals calculated from ttie plurality of information signals for each 
of tiie symbols; 

inserting a reference signal known on the receiving side into a set of a particular positive carrier wave and a partic- 
ular negative carrier wave, of which frequencies are symmeti-ic to each other with respect to a cent-al frequency of 
the central carrier wave, selected from ttie plurality of positive and negative carrier waves for each of the symbols 
on the transmitting side while changing the selection of the set of particular positive and negative carrier waves 
every prescribed time on condition tiiat the reference signal is inserted into all positive and negative carrier waves 
every prescribed symbols; 
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producing an orthogonal frequency division multiplex signal composed of the central can'ier wave arxJ a plurality of 
modulated carrier waves, by which the plurality of information signals and the reference signal are carried, for each 
of the symbols; 

transmitting each of the orthogonal frequency division multiplex signals from the transmitting side to a transmission 
path; 

receiving each of the orthogonal frequency division multiplex signals transmitted from the transmission path on a 
receiving side; 

demodulating the plurality of modulated carrier waves of the orthogonal frequency division multiplex signal received 
on the receiving side to obtain a plurality of demodulated information signals on the receiving side for each of the 
symbols; 

obtaining a plurality of sets of reproduced in-phase and reproduced quadrature signals of a plurality of reproduced 
information signals from the plurality of demodulated information signals for each of the symbols; 
obtaining a demodulated reference signal on the receiving side for each of tiie symbols; 
obtaining a reproduced reference signal from the demodulated reference signal for each of the symbols; 
comparing tiie reproduced reference signal witfi the reference signal known on ttie receiving side for each of the 
symbols on tiie receiving side to obtain a ti-ansmitting or leaking degree from each of a real part of the reference 
signal carried by the particular positive canrier wave, an imaginary part of the reference signal carried by tiie par- 
ticular positive cannier wave, a real part of the reference signal earned by the particular negative carrier wave and 
an imaginary part of the reference signal carried by the particular negative canrier wave to each of a real part of the 
reproduced reference signal carried by the particular positive carrier wave, an imaginary part of the reproduced ref- 
erence signal candied by tiie particular positive carrier wave, a real part of the reproduced reference signal carried 
by the particular negative earner wave demodulated and an imaginary part of tfie reproduced reference signal car- 
ried by tiie particular negative can-ier wave; 

detecting a characteristic of tiie ti-ansmission path for the set of particular positive and negative carrier waves 
according to the transmitting and leaking degrees for each of the symbols; 

obtain a plurality of characteristics of the transmission path for all sets of positive and negative carrier waves by 
repeating the detection of tiie characteristic of the fransmission path by prescribed symbols; 
calculating a plurality of correcting equations for all sets of positive and negative canrier waves from the character- 
istics of ttie transmission path ; and 

con-ecting tiie plurality of sets of reproduced in-phase and reproduced quadrature signals to a plurality of sets of 
conrected in-phase and corrected quadrature signals according to tiie plurality of correcting equations for each of 
the syn*ols to obtain a plurality of corrected information signals from the plurality of sets of con-ected in-phase and 
con-ected quadrature signals for each of tiie synrt)ols. 

In ttie above steps, a reference signal is inserted into a set of positive and negative earner waves of which frequen- 
cies +Wn and -Wn are symmetric to each otiier with respect to a cenfral frequency FO of the central carrier wave for 
each of symbols because there is a probability that tiie information signal earned by tiie carrier wave of the frequency 
+Wn (or -Wn) leaks to tiie digital information carried by tiie carrier wave of tiie frequoicy -Wn (or +Wn) as an image 
conrponent or aosstalk. Therefore, a characteristic of tiie transmission patti for the positive and negative can-ier waves 
of which frequencies +Wn and -Wn can be rapidly detected. 

Also, because ttie frequencies +Wn and -Wn of the set of positive and negative carrier waves of which frequencies 
+Wn and -Wn are changed every prescribed time, ttie reference signal is inserted into all sets of positive and negative 
earner waves every prescribed symbols. Therefore, tiie characteristics of ttie transmission patti for all positive and neg- 
ative carrier waves can be detected. 

Accordingly, the information signal ft-ansmitted to the receiving side can be correctiy reproduced according to the 
characteristics of the ti^nsmission patti. 

It is preferred that the step of calculating a set of an in-phase signal and a quadrature signal comprise the steps of: 

expressing a real part of each of ttie plurality of information signals carried by ttie positive can-ier waves by A; 
expressing an Imaginary part of each of ttie plurality of information signals canried by the positive carrier waves by 
B; 

expressing a real part of each of the plurality of information signals can-ied by the negative carrier waves by C; and 
ex|xessing an imaginary part of each of the plurality of information signals can-ied by the negative can-ier waves by 
D, 

tiie step of inserting a reference signal comprise the steps of: 

preparing a first type of reference signal and a second type of reference signal as the reference signal; 

inserting an symbol number into one of the plurality of carrier waves for each of ttie symbols on the transmitting side 
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while circularly changing a value of the symbol nuniber for each of the eynrtbol; 

inserting the first type of reference signal into one set of particular positive and negative carrier waves, of which first 
frequencies are symmetric to each other with respect to the central frequency of the central carrier wave, for each 
odd symbol in which an odd symbol number is inserted into one carrier wave as one symbol number to specify the 

5 one set of particular positive and negative carrier waves; and 

inserting tiie second type of reference signal into one set of particular positive and negative carrier waves, of which 
second frequencies are symmeti^ic to each otiier with respect to the central frequency of tiie central carrier wave, 
for each even symbol in which an even symbol number is inserted Into one carrier wave as one symbol number to 
specify tiie one set of particular posrtive and negative can-ier waves on condition tiiat the second frequencies of tiie 

10 set of particular positive and negative carrier waves corresponding to one even symbol number Ns are the same 
as the first frequencies of the set of particular positive and negative carrier waves corresponding to one odd symbol 
number Ns-1 just preceding to the even syn^l nunnber Ns, 

tiie step of obtaining a plurality of reproduced information signals comprise the steps of: 

IS 

expressing a real part of each of the plurality of reproduced information signals, which are candied by tiie demodu- 
lated carrier waves obtained from the positive carrier waves, by A'; 

expressing an imaginary part of each of the plurality of reproduced information signals, which are carried by tiie 
demodulated carrier waves obtained from the positive carrier waves, by B'; 
20 expressing a real part of each of the plurality of reproduced Information signals, which are carried by the demodu- 
lated carrier waves obtained from the negative cannier waves, by C: and 

expressing an imaginary part of each of the plurality of rq^roduced information signals, which are carried by the 
demodulated carrier waves obtained from the negative carrier waves, by D'. 

25 the step of obtaining a reproduced reference signal comprises the steps of: 

demodulating tiie first type of reference signal inserted into the set of particular positive and negative carrier waves 
to obtain a first type of reproduced reference signal for each odd symbol; and 

demodulating tiie second type of reference signal inserted into the set of particular positive and negative can-ier 
30 waves to obtain a second type of reproduced reference signal for each even symbol, 

tiie step of comparing the reproduced reference signal include the step of: 

calculating eight coefficients SO to S7 which denote tiie transmitting and leaking degrees and satisfy an relationship 
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according to the first type of reference signal, the second type of reference signal, tiie first type of reproduced ref- 
erence signal and the second type of reproduced reference signal for each of the symbols. 

tiie step of calculating a plurality of correcting equations include the step of: 

calculating a value 



so 



55 



1 

detA 



f HO, H1, H2, H3^ 
-HI. HO, H3,-H2 
H4, H5, H6, H7 
^H5.-H4,-H7, He; 



in which 



HO 3 +S0(S6S6+S7S7) - S2(S4S6+S5S7) + S3(S4S7-S5S6). 
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HI = +S1(S6S6+S7S7) - S3(S4S6+S5S7) - S2(S4S7-S5S6). 
H2 = +S4(S2S2+S3S3) - S6(S0S2+S1 S3) + S7(S0S3-S1S2), 
H3 = +S5{S2S2+S3S3) - S7(S0S2+S1S3) - S6(S0S3-S1 S2), 
H4 = +S2(S4S4+S5S5) - S0(S4S6+S5S7) - S1{S4S7-S5S6). 
H5 = +S3(S4S4+S5S5) - SI (S4S6+S5S7) + S0(S4S7-S5S6). 
H6 = +S6{S0S0+S1S1) - S4(S0S2+S1S3) - S5(S0S3-S1 S2). 
H7 = +S7(S0S0+S1S1) - S5(S0S2+S1S3) + S4(S0S3-S1S2) and 

detA - SO*HO + S1 *H1 + S4*H2 + S5*H3 are satisfied, as one correcting equation for each of the symbols, and 

the step of correcting the plurality of sets of reproduced in-phase and reproduced quadrature signals include the 
step of: calculating the real part A* of each of the plurality of reproduced information signals corresponding to the posi- 
tive carrier waves, the imaginary part B* of each of the plurality of reproduced information signals con-esponding to the 
positive carrier waves, the real part C* of each of the plurality of reproduced information signals corresponding to the 
negative carrier waves and the imaginary part D' of each of the plurality of reproduced information signals conespond- 
ing to the negative earner waves according to a relationship 
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in which a real part of each of the plurality of corrected information signals caresponding to the positive carrier waves 
is expressed by (AJ an imaginary part of each of the plurality of conected information signals corresponding to the pos- 
itive carrier waves is expressed by (B J a real part of each of the plurality of corrected information signals corresponding 
to the negative earner waves is expressed by <C \ an imaginary part of each of the plurality of corrected information sig- 
nals corresponding to the negative can-ler waves is expressed by (D ) 

In the above steps, the first type of reference signal is inserted into one set of positive and negative carrier waves 
of the frequencies +Wi and -Wi (I = 1,2,-) in the 2(i-l)-th symbol specified by one even symbol number 2(i-1), and the 
second type of reference signal is inserted into one set of positive and negative carrier waves of the frequencies +Wi 
and -Wl in the (2i-1)-th symbol specified by one odd symbol number (2i-1). The first type of reference signal and the 
second type of reference signal inserted into each set of positive and negative carrier waves are t^nsmitted to the 
transmission path and are received on the receiving side as tiie first type of reproduced reference signal and the second 
type of reproduced reference signal. Therefore, even though the information signal carried by the carrier wave of the 
frequency +Wi (or -Wi) leaks to tiie digital infamation earned by tfie carrier wave of the frequency -Wi (or +Wi) in the 
transmission path according to the characteristic of the transmission path, because the characteristic of the transmis- 
sion path for each set of positive and negative carrier waves is detected by obtaining eight coefficients SO to S7 from 
the first type of reference signal, the second type of reference signal, the first type of reproduced reference signal and 
the second type of reproduced reference signal. 

Accordingly, in cases where the reproduced information signal is conected according to tiie correcting equation 
obtained from tiie coefficients SO to S7, the corrected information signal agreeing with tiie information signal transmit- 
ted from the transmitting side can be obtained on the receiving side with a high accuracy. 

It is preferred that the step of inserting a reference signal comprise the steps of: 

preparing a first type of reference signal and a second type of reference signal as the reference signal; 
inserting an symbol number into one of the plurality of carrier waves for each of the symbols on tiie transmitting side 
while circularly changing a value of the syrnbd number for each of tiie symbol; 

inserting the first type of reference signal into one set of particular positive and negative carrier waves, of which first 
frequencies are symmetric to each other witfi respect to the central frequency of the central carrier wave, for each 
odd symbol in which an odd symbol number is inserted into one can-ier wave as one symbol number to specify the 
one set of particular positive and negative carrier waves: 

inserting the second type of reference signal into one set of particular positive and negative carrier waves, of which 
second frequencies are symmet-ic to each otiier witfi respect to the central frequency of tiie central carrier wave, 
for each even symbol In which an even symbol number is inserted into one carrier wave as one symbol number to 
specify the one set of particular positive and negative canier waves on condition that the second frequencies of the 
set of particular positive and negative carrier waves corresponding to one even symbol number Ns are the same 
as the first frequencies of the set of particular positive and negative carrier waves conesponding to one odd symbol 
number Ns-1 just preceding to the even symbol number Ns; 
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expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted into 
the particular positive carrier wave by Qs; 

expressing real parts of the first type of reference signal and the second type of reference signal inserted into the 
particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted into 
the particular negative carrier wave by Us; 

setting one of the real part Ps of the first type of reference signal and the imaginary part Qs of the first type of ref- 
erence signal to a first prescribed value not equal to zero; 

setting the other one of the real part Ps of the first type of reference signal and the imaginary part Qs of the first 
type of reference signal, the real part Rs of the first type of reference signal and the imaginary part Us of the first 
type of reference signal to zero; 

setting one of the real part Rs of the second type of reference signal and the imaginary part Us of the second type 
of reference signal to a second prescribed value not equal to zero; and 

setting the other one of the real part Rs of the second type of reference signal and the imaginary part Us of the 
second type of reference signal, the real part Ps of the second type of reference signal and the innaginary part Qs 
of the second type of reference signal to zero. 

In the above steps, because three of four parts of each of the first type of reference signal and the second type of 
reference signal are set to zero, the calculation of the characteristic of the transmission path can be easily performed. 

Also, the objects are achieved by the provision of an orthogonal frequency division multiplex signal transmitting 
apparatus, conrprising: 

arithmetical calculation performing means for performing an inverse disaete Fourier transformation for real and 
imaginary parts of a plurality of digital information signals for each of symbols to produce a plurality of sets of in- 
phase digital signals and quadrature digital signals; 

digital-to-analog converting means for converting the sets of in-phase digital signals and quadrature digital signals 
produced by tiie arithmetical calculation performing means to a plurality of sets of in-phase analog signals and 
quadrature analog signals; 

quadrature amplitude modulation performing means for performing a quadrature amplitude modulation for the plu- 
rality of sets of in-phase analog signals and quadrature analog signals obtained in the digital-to-analog converting 
means to modulate a plurality of cannier waves having different frequencies with the plurality of sets of in-phase ana- 
log signals and quadrature analog signals and prodirce an orthogonal frequency division multiplex signal com- 
posed of a plurality of modulated canrier waves having different frequendes for each of ttie syntwls, tiie plurality of 
nrodulated carrier waves being classified into a central easier wave, a plurality of positive carrier waves of which 
frequencies are higher than a cemral frequency of ttie central carrier wave and a plurality of negative earner waves 
of which frequencies are lower than the central frequency of the central carrier wave; 

symbol number generating and inserting means for generating a symbol number for each of the symbols while cir- 
cularly changing a value of the symbol number and inserting each of tiie symbol numbers into one of the plurality 
of modulated carrier waves obtained in tiie quadrature amplitude modulation performing means for each of tiie 
symbols; 

reference signal generating and inserting means for generating a reference signal known on a receiving side and 
inserting ttie reference signal into a set of a particular positive can-ier wave and a particular negative carrier wave, 
of which frequencies are symmetric to each other with respect to the central frequency of the cemral carrier wave! 
selected from the plurality of positive and negative carrier waves for each of tiie symbols while changing the selec- 
tion of the set of particular positive and negative can-ier waves every prescribed time on condition tiiat tiie reference 
signal is inserted into all positive and negative carrier waves every prescribed symbols and the set of particular pos- 
itive and negative carrier waves in each symbol are specified by the symbol number; and 
transmitting means for transmitting tiie orthogonal frequency division multiplex signal, in which tine symbol number 
generated by tiie symbol number generating and inserting means is inserted into one of tiie plurality of modulated 
earner waves and tiie reference signal generated by the reference signal generating and inserting means is 
inserted into one set of particular positive and negative carrier waves, to a transmission path for each of tiie sym- 
bols, and 

an orthogonal frequency division multiplex signal receiving apparatus, comprising: 

receiving means for receiving an ortiiogonal frequency division multiplex signal composed of a plurality of modu- 
lated carrier waves having different frequencies from a transmission path for each of symbols, the plurality of mod- 
ulated carrier waves being modulated by a plurality of sets of in-phase and quadrature signals indicating a plurality 
of digital information signals, tiie plurality of modulated carrier waves being classified into a central carrier wave, a 
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plurality of positive carrier waves of which frequencies are higher than a central frequency of the central can-ier 
wave and a plurality of negative earner waves of which frequencies are lower than the central frequency of the cen- 
tral carrier wave, a reference signal being inserted into a set of a particular posrtive carrier wave and a particular 
negative carrier wave, of which frequencies are symmetric to each other witti respect to the central frequency of the 
central carrier wave, selected from the plurality of positive and negative canrler waves for each of the symbols while 
changing the selection of the set of particular posrtive and negative carrier waves every prescribed time, and the 
set of particular posrtive and negative canier waves in each symbol being specified by a syvrbol number of which 
a value is circularly changed for each of the symbols and is Inserted into one of the plurality of modulated can-ier 
waves for each of tiie symbols; 

quadrature demodulating means for performing a quadrature demodulation for tiie ortiiogonal frequency division 
multiplex signal received by the receiving means for each of the symbols to obtain a plurality of sets of demodulated 
in-phase and quadrature signals, a denrxxiulated reference signal and a denrodulated symbol number; 
reproducing means for performing a discrete Fourier f ansformation for the plurality of sets of demodulated in- 
phase and quadrature signals, the demodulated reference signal and the demodulated synrt>ol number for each of 
tiie syn*x)ls and obtaining real parts and imaginary parts of a plurality of reproduced digital information signals 
deformed in the transmission patii. a reproduced reference signal deformed in tiie transmission path and the sym- 
bol number for each of the symbols; 

detecting means for detecting a characteristic of tiie transmission path con-esponding to one set of particular pos- 
itive and negative can'ier waves from the reproduced reference signal and the symbol number obtained in the 
reproducing means for each of the syniwis; 

correcting equation deriving means for deriving a correcting equation corresponding to one set of particular positive 
and negative canrier waves from the characteristic of the transmission patti detected by the detecting means for 
each of the synMs; and 

correcting means for con-ecting the real and imaginary parts of the reproduced digital information signals obtained 
in the reproducing means according to the correcting equation for each of tiie symbols and obtaining real and imag- 
inary parts of a plurality of con-ected digital information signals in which tiie deformation of the plurality of repro- 
duced digital information signals received in the transmission path is corrected. 

In the above configuration, en-ors in tfie in-phase and quadrature signals of tiie digital information signals are 
caused by a difference in an amplitude characteristic between each pair of in-phase and quadrature signals, a differ- 
ence in a phase characteristic between each pair of in-phase and quadrature signals and an en-or in orthogonality 
between each pair of in-phase and quadrature signals. In the signal transmitting apparatus, any eaor does not occur 
before each digital information signal is separated into one pair of in-phase and quadrature signals. Also, in ttie signal 
receiving apparatus, any en-or does not occur after each pair of in-phase and quadrature signals are combined to one 
digital information signal. In the prior art, a correcting operation is ti-ied to diminish a characteristic difference between 
each pair of in-phase and quadrature signals and to adjust characteristics of tiie in-phase and quadrature signals to pre- 
scribed values. Therefore, tiiere are some constraints on the con-ecting operation, so that the characteristic difference 
cannot be suff icientiy corrected. That is. tiie connection for preventing the occun-ence of the errors cannot be suff icientiy 
performed. 

In tiie present invention, the occurrence of errors is allowed, and the occun-ed errors are conrected. That is, the ref- 
erence signal known by tfie signal receiving apparatus is inserted into each orthogonal frequency division multiplex sig- 
nal in the signal transmitting apparatus, a characteristic of a transmission path indicating an en'or between each pair of 
in-phase and quadrature signals is detected according to the reproduced reference signal received by the signal receiv- 
ing apparatus and tiie reference signal known by ttie signal receiving apparatus, a connecting equation is derived from 
each characteristic of the ti-ansmission path, and each pair of reproduced in-phase and quadrature signals are cor- 
rected according to the correcting equation. 

In this case, assuming that 16 coefficients are used to indicate one characteristic of tiie transmission path for each 
pair of in-phase and quadrature signals and the characteristic of the transmission patii is detected by transmitting 4 
types of reference signals inserted into four ortiiogonal frequency division multiplex signals in tiie signal transmitting 
apparatus to the signal receiving apparatus every four symbols, a follow-up speed for the characteristic of the transmis- 
sion path changing witti time is lowered. 

Therefore, in the present invention, each of two types of reference signals is inserted into a set of particular positive 
and negative carrier waves which are symmetric witii each other witii respect to the central carrier wave and leak to 
each other as crosstalk because of ttie orthogonality error. In addition, each set of particular positive and negative car- 
rier waves into which one reference signal is inserted is specified by a symbol number, and the set of particular positive 
and negative carrier waves are changed every prescribed time (or every two symbols). Therefore, each of all sets of 
positive and negative can-ier waves is selected as one set of particular positive and negative carrier waves, and the 
characteristics of the transmission path for all sets of positive and negative carrier waves can be detected. 

Accordingly, frequency characteristics of the in-phase and quadratijre signals of the digital information signals can 
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be corrected in the same manner as in the prior art. In addition, characteristic errors such as a difference in an ampli- 
tude characteristic between each pair of in-phase and quadrature signals carried by one carrier wave, a difference in a 
phase characteristic between each pair of in-phase and quadrature signals earned by one carrier wave, an orthogonal- 
ity en^or occunring in the quadrature amplitude nrKXiulation performing means and an orthogonality error occupying in the 
5 quadrature demodulating means can be carected. Therefore, it is not required to diminish the characteristic errors, it is 
not required to consider the characteristic errors changing with taifiperature, ft is not required to consider the character- 
istic errors changing with time, and the transmission of the orthogonal frequency division multiplex signals can be per- 
formed with a high accuracy. 

The objects are also achieved by the provision of an orthogonal frequency division multiplex signal transmitting 
10 method, comprising the steps of: 

preparing a plurality of carrier waves having difference frequencies; 

classifying the plurality of carrier waves into a central carrier wave, a plurality of positive carrier waves having fre- 
quendes higher than that of the central carrier wave and a plurality of negative cannier waves having frequencies 
IS lower than tiiat of the central carrier wave; 

calculating a set of an in-phase signal and a quadrature signal from each of a plurality of information signals on a 
transmitting skie for each of symbols; 

modulating each of the plurality of positive cannier waves and each of the plurality of negative earner waves with one 
of the plurality of information signals on a ti^nsmitting side for each of symbols; 

20 inserting a reference signal known on the receiving side into a set of a particular positive carrier wave and a partic- 
ular negative carrier wave, of which frequencies are symmetric to each other wrth respect to a central frequency of 
the central carrier wave, selected from tiie plurality of positive and negative carrier waves for each of the symbols 
on the transmitting side while changing the selection of the set of particular positive and negative carrier waves 
every prescribed time on condition that tiie reference signal is inserted into all positive and negative carrier waves 

25 every prescribed symbols and the set of particular positive; 

producing an ortiiogonal frequency division multiplex signal composed of the cenfral carrier wave and a plurality of 
modulated positive and negative cam'er waves, by which the plurality of information signals and the reference signal 
are carried, for each of the symbols; 

transmitting each of tiie orthogonal frequency division multiplex signals from tiie transmitting side to a t-ansmission 
30 patii; 

receiving each of tiie orthogonal frequency division multiplex signals transmitted from tiie transmission path on a 
receiving side; 

demodulating the plurality of modulated positive and negative earner waves of the ortiiogonal frequency division 
multiplex signal received on tiie receiving side to obtain a plurality of denKXIulated information signals and a 

35 demodulated reference signal on the receiving side for each of the symbols; 

obtaining a plurality of reproduced information signals and a reproduced reference signal from the plurality of 
demodulated information signals and the demodulated reference signal for each of the synnt>ols; 
detecting a characteristic of the transmission patii for a set of particular reproduced information signals carried by 
the set of particular positive and negative carrier waves on the receiving side for each of the symbols by comparing 

40 the reproduced reference signal with the reference signal known on the receiving side; 

calculating a first correcting equation for the set of particular reproduced information signals from the characteristic 
of tiie transmission path for each of the symbols; 

correcting the set of particular reproduced information signals according to the first correcting equation to obtain a 
set of first corrected information signals for each of the symbols; 
45 preparing a signal an^ngement in which a plurality of signal positions allowed for tiie plurality of information signals 
are arranged; 

preparing an initial second correcting equation; 

correcting the set of first corrected information signals according to the initial second correcting equation or a sec- 
ond correcting equation previously calculated to obtain a set of second corrected information signals for each of tiie 
50 symbols; 

detecting a high speed changing characteristic of the ti-ansmission patii for the set of second corrected information 
signals for each of the symbols according to a difference between a particular signal position selected from the sig- 
nal an-angement for the set of second corrected information signals and a signal position of the set of second cor- 
rected information signals; 

55 calculating an updated second correcting equation for a next symbol from the high speed changing characteristic 
of tiie transmission patii and the second con-ected information signal for a present symbol preceding to tiie next 
symt»ol to correct one set of first corrected information signals corresponding to the next symbol to one set of sec- 
ond con-ected information signals according to the updated second correcting equation; 
repeating the correction of tiie set of first con-ecting information signals according to tiie updated second correcting 
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equation to obtain a plurality of second corrected information signals con-esponding to all of the information signals; 
and 

outputting the second corrected information signals for each of the syrTtx)ls. 

Also, the objects are also achieved by the provision of an orthogonal frequency division muttiplex signal transmitting 
method, comprising the steps of: 

preparing a plurality of carrier waves having difference frequencies; 

calculating a set of an in-phase signal and a quadrature signal from each of a plurality of information signals on a 
transmitting side for each of symbols; 

Inserting a reference signal known on the receiving side into a particular carrier wave selected from the plurality of 
can-ier waves for each of the symbols on the transmitting side while changing the selection of the particular earner 
wave every prescribed time on condition that the reference signal is inserted into all can-ier waves every prescribed 
symbols; 

modulating each of the plurality of carrier waves with one of the plurality of sets of in-phase and quadrature signals 
calculated from the plurality of information signals for each of the symbols to produce a plurality of modulated car- 
rier waves; 

producing an orthogonal frequency division multiplex signal composed of the plurality of modulated carrier waves, 
by which the plurality of sets of in-phase and quadrature signals of the plurality of information signals and the ref- 
erence signal are carried, for each of the symbols; 

transmitting each of the orthogonal frequency division multiplex signals from the transmitting side to a transmission 
path; 

receiving each of the orthogonal frequency division multiplex signals transmitted from the transmission path on a 
receiving side; 

demodulating the plurality of modulated carrier waves of the orthogonal frequency division multiplex signal received 
on the receiving side to obtain a plurality of sets of demodulated in-phase arKl quadrature signals of a plurality of 
demodulated information signals and a demodulated reference signal on the receiving side for each of the symbols; 
obtaining a plurality of reproduced information signals from the plurality of demodulated information signals for 
each of the symbols; 

obtaining a reproduced reference signal from tiie demodulated reference signal for each of the symbols; 
comparing the reproduced reference signal wrtfi the reference signal known on tiie receiving side for each of tiie 
symbols on the receiving side to obtain a plurality of changing degrees from each of a real part of the reference 
signal and an imaginary part of the reference signal to each of a real part of the reproduced reference signal and 
an imaginary part of tiie reproduced reference signal; 

detecting a characteristic of the transmission path for a particular reproduced information signal carried by the par- 
ticular modulated can-ier wave according to tiie changing degrees for each of tiie symbols; 
calculating a first correcting equation for tiie particular reproduced information signal from the characteristic of tiie 
transmission path for each of the symbols; 

correcting the particular reproduced information signal according to the first correcting equation to obtain a first cor- 
rected information signal for each of the symbols; 

preparing a signal anangement in which a plurality of signal positions allowed for the plurality of information signals 
are arranged; 

preparing an initial second correcting equation; 

correcting tiie first corrected information signal according to the initial second correcting equation or a second cor- 
recting equation previously calculated to obtain a second corrected information signal for each of tiie symbols; 
detecting a high speed changing characteristic of tiie transmission path for the second corrected information signal 
for each of tiie symtx)ls according to a difference between a particular signal position selected from tiie signal 
an^angement for the second con-ected information signal and a signal position of the second con-ected information 
signal; 

calculating an updated second correcting equation for a next symbol from the high speed changing characteristic 
of the transmission path and the second corrected information signal for a present symbol preceding to tiie next 
symbol to con-ect one first corrected information signal con-esponding to the next symbol to one second corrected 
information signal according to ttie updated second correcting equation; 

repeating the correction of the first con-ecting information signal according to the updated second correcting equa- 
tion to obtain a plurality of second corrected information signals corresponding to all of the information signals; and 
outputting the second corrected information signals for each of the symbols. 

In the above steps, after each of the reproduced information signals is corrected to one first corrected information 
signal according to one first correcting equation, each of the first corrected information signals is corrected to one sec- 
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ond corrected information signal according to one second correcting equation to remove an inverse influence of a high 
speed changing characteristic of the transmission path from each of the first con-ecled information signals. Therefore, 
a plurality of second corrected infornnation signals almost agreeing with the plurality of information signals can be 
obtained with a high reliability even though the high speed changing characteristic such as a multi-path circumstance 
in a mobile communication occurs in the transmission path. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The objects, features and advantages of the present invention will be apparent from the following description taken 
in conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of an orthogonal frequency division multiplex signal transmitting apparatus according to a 
first embodiment of the present invention; 

Fig. 2A shows a frequency spectrum of 256 digital information signals input to an arithmetic unit shown in Fig. 1; 
Rg. 2B shows a frequency spectrum of an OFDM signal obtained by orthogonality modulating the 256 digital infor- 
mation signals shown in Fig. 2A; 

Fig. 2C shows a plurality of symbols an^anged in series along a time-axis; 

Fig. 2D is a timing chart of a symbol syrx;hronizing signal and a series of symbols; 

Fig. 3 is a block diagram of an orthogonal frequency division multiplex signal receiving apparatus according to the 
first embodiment of the present invention; 

Fig. 4 is a block diagram of an orthogonal frequency division multiplex signal transmitting and receiving apparatus 

in which a group of I and Q signals are processed according to the first embodiment of the present invention; 

Fig. 5 is a block diagram of an FFT circuit and a QAM reproducing circuit shown in Fig. 3; 

Fig. 6 is a flow chart showing a fast Fourier transformation performed in an FFT circuit shown in Fig. 3; 

Fig. 7 is a block diagram of an orthogonal frequency division multiplex signal transmitting apparatus according to a 

second embodiment of tiie present invention; 

Fig, 8 is a block diagram of an orthogonal frequency division multiplex signal receiving apparatus according to the 
second embodiment of tiie present invention; 

Fig. 9 is a block diagram of an orthogonal frequency division multiplex signal transmitting and receiving apparatus 
in which a group of I and Q signals are processed according to the second embodiment of the present invention; 
Fig, 10 is a block diagram of an FFT circuit and a QAM reproducing circuit shown in Rg. 8; 
Rg. 1 1 shows the arrangement of error signals used for tiie generation of a matrix K; 

Fig. 1 2 is a block diagram of a transmission system circuit for changing I and Q signals to V and Q' signals according 
to a tiiird embodiment of the present invention; 

Fig. 1 3 is a block diagram of an ortiiogonal frequency division multiplex signal receiving apparatus according to the 
third embodiment of tiie present invention; 

Fig. 14 is a block diagram of an FFT circuit and a QAM reproducing circuit shown in Rg. 13; and 

Fig. 15 shows the an-angement of a plurality of signal positions allowed for a plurality of information signals. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 



Preferred embodiments of orthogonal frequency division multiplex signal transmitting metiiod and apparatus and 
an orthogonal frequency division multiplex signal according to tiie present invention are described with reference to 
drawings. 

Fig. 1 is a block diagram of an orthogonal frequency division multiplex signal transmitting apparatus according to a 
first embodiment of tiie present invention. 

As shown in Fig. 1, an ortiiogonal frequency division multiplex signal fransmitting apparatus 1 1 comprises 

an input circuit 12 for receiving a plurality of digital information signals indicating pieces of digital information in 
series, 

an arithmetic unit 13 for performing an inverse discrete Fourier transformation for a group of the digital information 
signals for each of symbols and producing a digital set of an in-phase signal and a quadrature signal from each of 
the digital information signals, 

a symbol number counting circuit 14 for generating a symbol number for each of the symbols on condition that tiie 
symbol numbers ranging from a minimum number to a maximum number are generated in tiie increasing order and 
the generation of tiie symbol numbers is circulated and inserting each of the symbol numbers into a group of the 
digital sets of the in-phase and quadrature signals corresponding to one symbol to indicate the number of the sym- 
bol. 

a reference signal inserting circuit 15 for generating and inserting a type of reference signal into a particular digital 
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set of the in-phase and quadrature signals which is selected from a group of the digital sets of the iniDhase and 
quadrature signals con-esponding to one symbol and is expected to be transmitted by a pair of particular carrier 
waves of frequencies symmetric to each other with respect to a central frequency FO while changing the pair of par- 
ticular carrier waves for each of the symbol on condition that the pair of particular carrier waves of each symbol is 
5 specified by one symbol number. 

an output buffer 1 6 for temporarily storing a plurality of digital sets of the In-phase and quadrature signals produced 
in the arithmetic unit 13, 

a digital-to-analog (D/A) converter 1 7 for performing a D/A conversion for the digital sets of the iniDhase and quad- 
rature signals to a plurality of analog sets of the in-phase and quadrature signals. 

10 a low pass filter 1 8 for passing the analog sets of tiie in-phase and quadrature signals of a low frequency band, 
an intermediate frequency oscillating unit 19 for oscillating an intermediate frequency wave, 
a 90 degree shifter 20 for shifting a phase of the intermediate frequency wave by 90 degrees, 
a quadrature modulating unit 21 for modulating a central can-ier wave of the frequency FO, a plurality of positive car- 
rier waves having difference frequencies higher tiian the frequency FO and a plurality of negative carrier waves hav- 

15 ing difference frequencies lower than the frequency FO witii the symbol number, the reference signal and one 
analog set of tiie in-phase and quadrature signals for each of the symbols by using tiie intermediate frequency 
wave and tiie shifted intermediate frequency wave and producing an orthogonal frequency division multiplex 
(OFDM) signal composed of a demodulated central can-ier wave and a plurality of sets of demodulated positive and 
negative carrier waves, by which tiie digital information signals, tiie symbol member and the reference signal are 

20 earned, for each of tiie symbols: 

a dock frequency divider 22 for periodically generating a clock signal by dividing the intermediate frequency wave 
oscillated in tiie intermediate frequency oscillating unit 1 9 and transmitting each of tiie dock signals to the input dr- 
cuit 1 2, tiie arithmetic unit 1 3. tiie output buffer 1 6 and tiie D/A converter 1 7. 

a frequency converting unit 23 for converting tiie modulated carrier waves of an intermediate frequency band used 
25 in the OFDM signal to modulated canier waves of a radio frequency band, and 

a transmitting unit 24 for amplifying ttie OFDM signal carried by the canio' waves of the radio frequency band and 
radiating the OFDM signal to a spatial transmission patii. 

In the above configuration, a plurality of digital information signals respectively expressed by a complex number are 

30 irput to the input circuit 1 2 in a sti-eam. For example, a digital picture signal or a digital audio signal compressed accord- 
ing to a coding method such as a Moving Picture Experts Group (MPEG) for coding a color moving image is input as a 
piece of digital information. In the input circuit 12. an error correcting code is added to each of the digital information 
signals, if necessary, in synchronization with a dock signal transmitted from tiie clock frequency divider 22. In ttie clock 
frequency divider 22. an intermediate frequency of 10.7 MHz b-ansmrtted from the intermediate frequency oscillating 

35 unit 19 is divided, and a dock sigrial is repeatedly generated in synchronization witii ttie divided intermediate frequency 
Thereafter, tiie digital information signals to which the error correcting code is added are fed to the aritiimetic unit 
13 in parallel. In the arithmetic unit 13, an inverse discrete Fourier ti-ansfbrmation (IDFT) is performed for each of the 
digital information signals, and an analog set of an in-phase (I) signal and a quadrature (Q) signal is produced from 
each of tiie digital information signals. Also, a symbol number transmitted from tiie symbol number counting circuit 14 

40 is input to a prescribed input terminal of tiie arithmetic unit 1 3 for each of the digital information signals, a reference sig- 
nal transmitted from the reference signal inserting drcuit 15 is input to another prescribed input terminal of the arithme- 
tic unit 13 for each of tfie digital information signals, and tiie inverse discrete Ft)urier transformation is performed for the 
symbol number and the reference signal. 

For example, in cases where 254 digital information signals expected to be can-ied by 256 carrier waves having dif- 

46 ferent frequences are input to the aritiimetic unit 13 as 254 digital information signals, the inverse discrete Fourier 
transformation of a twice over sampling (that is. M points IDFT, M=512) is performed for the 254 digital information sig- 
nals and two pilot signals, and 256 sets of I and Q digital signals are produced. As shown in Rg. 2A, an input allocation 
of tiie carrier waves to the arithmetic unit 13 is determined as follows in tiie frequency order of the carrier waves. Infor- 
mation signals for modulating earner waves are given to 129 carrier waves from n=0 to n=128. a level of each of earner 

50 waves from n=129 to n=383 is set to 0 not to generate any information signal, and information signals for modulating 
carrier waves are given to 128 carrier waves from n=384 to n=511. That is, 512 input terminals are prepared for an 
imaginary part of the digital information stream in tiie arithmetic unit 1 3, and other 51 2 input terminals are prepared for 
a real part of the digital information stream in tiie arithmetic unit 13. The 1 27 information signals corresponding to tiie 
earner waves from n=1 to n=127 are input to 127 input terminals from tiie first (n=1) to 127-th (n=127) input terminal, 

55 the other 127 information signals corresponding to tiie carrier waves from n=385 to n=51 1 are input to 127 input termi- 
nals from the 385-th (n=385) to 51 1-th (n=511) input terminal, a constant direct current voltage is input to tiie 0-tii input 
terminal (n=0), a fixed voltage functioning as a pilot signal is, for example, input to the 128-th input terminal (n=M/4 
M=512)andthe 
384-th input terminal (n=3M/4). 
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Therefore, in the arithmetic unit 13. 254 real signals respectively composed of 4 bits and 254 imaginary signals 
respectively composed of 4 bits are input as input information to the 127 Input terminals from the first to 127-th input 
terminal and the 127 input terminals from the 385-th to 51 1-th input terminal, a constant voltage is input as input infor- 
mation to the 0-th, 128-th and 384-th input terminals, and a 0 value is input as input information to the other input ter- 

5 minals from the 1 29-th to the 383-th input terminal. Thereafter, one inverse discrete Fourier transformation of the twice 
over sampling Is performed for each group of 256 pieces of input information to obtain a plurality of I signals and a plu- 
rality of Q signals for each symbol, a guard inten^al is inserted into each symbol composed of the I signals and the Q 
signals, and the group of I signals and the Q signals is output to the output buffer 17 every sample period. As shown in 
Fig. 2C. Each sample period is composed of an effective symbol period in which 256 I signals and 256 Q signals exist 

10 and a period for the guard interval. 

In this case, the input information input to the 0-th input terminal is transmitted by a central earner wave having a 
frequency FO, the input information input to the 1 28 input terminals from the first to the 1 28-th input terminal are trans- 
mitted by high-frequency information transmission carrier waves (hereinafter, called positive can-ier waves) of which fre- 
quencies are higher than the frequency FO of the central carrier wave, and the input information input to the 128 input 

15 terminals from the 384-th to the 51 1 -th input terminal are transmitted by low-frequency information transmission earner 
waves (hereinafter, called negative earner waves) of which frequences are lower than the frequency FO of tiie central 
carrier wave. In particular, after the inverse discrete Fourier transformation is performed, the pilot signals input to the 
128-th and the 384-th input terminals are transmitted by a pair of earner waves of which frequencies are equal to both 
end frequendes equivalent to 1/2 of a Nyquist frequency. Also, a 0 value input to the 255 input terminals from the 129- 

20 th to the 383-th input terminal is treated as a ground potential not to generate any carrier wave. That is, the input infor- 
mation input to the 255 input terminals from the 129-th to the 383-th input terminal are not used for information trans- 
mission. 

In the arithmetic unit 13, 256 1 signals and 256 Q signals are produced at a burst as 512 time-axis signals from 256 
pieces of input information input to the input terminals for the real part of the digital information stream and 256 pieces 
25 of input information input to the input terminals for tiie imaginary part of the digital information stream every inverse dis- 
crete Fourier transformation. In contrast, the I and Q signals are successively processed in the fbllowing units 1 7. 21 , 
23-and 24 at a constant data reading-out speed. Therefore, the I and Q signals are temporarily stored in the output 
buffer 1 6 to compensate for a difference in an operation speed between tiie arithmetic unit 1 3 and a group of the fbllow- 
ing units 1 7, 21 , 23 and 24. 

30 The I and Q signals stored in the output buffer 1 6 are successively read out in synchronisation wrtfi the clock signal 
of tiie clock frequency divider 22 and are processed in ttie D/A converter 1 7 and the low pass filter 1 8. That is, the I and 
Q signals are converted to a plurality of I and Q analog signals in synchronization witii the clock signal used as a sam- 
pling clock, and the I and Q analog signals of a required frequency band pass through the low pass filter 1 8 and is trans- 
mitted to ttie quadrature modulating unit 21 . 

35 Also, a signal having an intermediate frequency of 10.7 MHz is generated in tiie intermediate frequency oscillating 
unit 19. and a phase of the signal having tiie intermediate frequency is shifted by 90 degrees in the 90 degree shifter 
20 to produce a shifted signal. Thereafter, tiie signal having the intermediate frequency of 1 0.7 MHz and the shifted sig- 
nal are transmitted to the quadrature modulating unit 21 . 

In tiie quadrature modulating unit 21. tiie signal having tiie intermediate frequency of 10.7 MHz is used as a first 

40 earner wave, the shifted signal is used as a second carrier wave, and the quadrature amplitude modulation is performed 
for the 256 1 analog signals and tiie 256 Q analog signals to produce an OFDM signal composed of 256 modulated car- 
rier waves and a central carrier wave. That is. 257 canier waves classified Into tiie central earner wave having tiie Inter- 
mediate frequency of 1 0.7 MHz, 128 positive earler waves of which frequencies are higher tfian the central frequency 
10.7 MHz of the central carrier and 128 negative carrier waves of which frequencies are lower than tiie central fre- 

45 quency 1 0. 7 MHz of the central carrier are prepared, tiie 1 28 posftive earner waves and tfie 1 28 negative carrier waves 
are modulated by ttie 256 1 analog signals and the 256 Q analog signals to produce tiie 256 modulated canier waves. 

TTiereafter. tiie OFDM signal output from the quadrature modulating unit 21 is frequency-converted to a radio fre- 
quency of a prescribed transmission frequency band in the frequency converting unit 23. an electric power of tiie OFDM 
signal is amplified in the transmitting unit 24, and tiie OFDM signal is radiated from an antenna to a spatial ti-ansmission 

so path. 

Fig. 2B shows an example of a frequency spectrum of tiie OFDM signal. In Fig. 2B, "-256" and "+256" indicate a 
set of a positive can-ier wave and a negative carrier wave for transmitting a signal input to the 256-tti (n=M/2) input ter- 
minal of tiie aritiimetic unit 13. In ttiis embodiment, the signal is not used. Also, "-128" indicates a negative carrier wave 
for transmitting a signal input to the 384-th (n=3M/4) input terminal of the aritiimetic unit 13, and "+128" indicates a pos- 
55 itive cannier wave for transmitting a signal input to tiie 128-tii (n=M/4) input terminal of the arithmetic unit 13. The nega- 
tive and positive carrier waves "-128" and "+128" are used in a set 

The OFDM signal transmitted from the orthogonal frequency division multiplex signal ti-ansmitting apparatus 1 1 is 
received by an orthogonal frequency division multiplex signal receiving apparatus 31 shown in Fig. 3. 

Fig. 3 is a block diagram of the orthogonal frequency division multiplex signal receiving apparatus 31 according to 
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the first embodimerrt of the present invention. 

As shown in Fig. 3, the orthogonal frequency division multiplex signal receiving apparatus 31 comprises 

a receiving unit 32 for receiving and anrplifylng the OFDM signal for each symboL 

5 a frequency converting unit 33 for converting the radio frequency of the OFDM signal to an inta-mediate frequency, 
an intermediate frequency amplifying unit 34 for amplifying the carrier waves used to carry the OFDM signal, 
a earner wave extracting unit 35 for extracting the central carrier wave from the OFDM signal, 
an intermediate frequency oscillating unit 36 for generating a wave of an intermediate frequency having 10.7 MHz 
of which a phase is synchronized with the central carrier wave, 

10 a 90 degree shifter 37 for shifting the phase of the intermediate frequency wave by 90 degrees, 

a quadrature demodulating unit 38 for performing a quadrature demodulation for the OFDM signal and obtaining 
an analog demodulated analog OFDM signal (or a plurality of sets of demodulated analog in-phase and quadrature 
signals indicating a plurality of demodulated information signals, a demodulated reference signal and a demodu- 
lated symbol number) by using the intermediate frequency wave as af irst demodulated carrier wave and the shifted 

15 intermediate frequency wave as a second denfKxJulated cannier wave. 

a synchronizing signal generating circuit 39 for generating a system clock signal from a sample synchronizing sig- 
nal and a symbol synchronizing signal produced from the analog demodulation signal, 

a low pass filter 40 for passing the plurality of sets of denKxlulated in-phase and quadrature signals of a required 
frequency band, 

20 an analog-to-digrtal (A/D) converting unit 41 for converting the plurality of sets of demodulated analog in-phase and 
quadrature signals to a plurality of sets of demodulated digital in-phase and quadrature signals indicating a plurality 
of demodulated digital information signals, the demodulated reference signal and the demodulated symbol number 
in synchronization with the system clock signal, 

a guard interval period processing circuit 42 for removing the guard interval from each symbol period according to 
25 tiie system clock signal to obtain a plurality of sets of demodulated in-phase and quadrature signals, 

a fast Fourier transfornriation (FFT) circuit 43 for performing a complex Fourier transformation for tiie plurality of sets 
of demodulated in-phase and quadrature signals output from the guard Interval period processing circuit 42 in syn- 
chronization witii the system clock signal to obtain real and imaginary parts of a plurality of reproduced digital infor- 
mation signals and calculating levels of the real and imaginary parts of the plurality of reproduced digital information 
30 signals, 

a quadrature amf^itude modulation (QAM) reproducing circuit 44 for obtaining the symbol number and a repro- 
duced reference signal from the demodulated symbol number and tiie demodulated reference signal, deriving a 
con-ecting equation from the reference signal known by the receiving apparatus 31 and the reproduced reference 
signal, and correcting the levels of the real and imaginary parts of tiie reproduced digital information signals to 
35 obtain a plurality of corrected information signals, and 

an output circuit 45 for outputting tiie plurality of con-ected information signals to an output terminal 46. 

In the above configuration, the OFDM signal transmitted through tiie spatial transmission path is received by the 
receiving unit 32 tfirough a receiving antenna and is amplified in high frequency Thereafter, ttie radio frequencies of tiie 

40 canrier waves of tiie OFDM signal are converted to intermediate frequencies in the frequency converting unit 33, tiie 
OFDM signal is amplified by the intermediate frequency amplifying unit 34. 

Thereafter, a central can-ier wave of the OFDM signal is extracted by the carrier extracting unit 35 witii a high accu- 
racy on condition that a phase error is lessened. In tills case, the carrier waves for carrying pieces of information of tiie 
OFDM signal are spaced every effective symbol frequency of 387 Hz. That is. frequencies of a pair of carrier waves 

45 adjacent to each otiier differ from each ottier by an effective symbol frequency of 387 Hz, Therefore, each of frequen- 
cies of two information transmitting carrier waves adjacent to tiie central carrier wave differ from a frequency of tiie cen- 
tral earner wave by 387 Hz. To avoid an adverse influence of the information transmitting carrier waves adjacent to tiie 
central carrier wave when the cenb'al carrier wave is received, a circuit having a superior selectivity is required. 

In this emtxxjiment, a phase lock loop (PLL) circuit is arranged in the carrier extracting unit 35 to accurately extract 

50 the central carrier wave. In this case, a voltage control type crystal oscillating circuit (VGXO) in which a quarts oscillator 
oscillating at a oscillating frequency changing range of ±200Hz equal to about 1/2 of the effective symbol frequency 
(387 Hz) is used as a voltage controlled oscillator (VGO) composing the PLL circuit, and a low pass filter in which a cut- 
off frequency is suffidently low as compared with the effective symbol frequency of 387 Hz is arranged in the PLL cir- 
cuit. 

55 The central carrier wave extracted by the carrier extracting unit 35 is transmitted to tiie intermediate frequency 
oscillating unit 36, and a wave of an intermediate frequency of 10.7 MHz of which a phase is synchronized with that of 
the central carrier wave is oscillated. The intermediate frequency wave is fed as a first carrier wave for the demodulation 
of the nrK)dulated carrier waves to tiie quadrature demodulating unit 38. Also, the intermediate frequency wave is trans- 
mitted to tiie 90 degree shifter 37, a phase of the intermediate frequency wave is shifted by 90 degrees, and tiie shifted 
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intermediate frequency wave is fed as a second canier wave for the demodulation of the modulated carrier waves to the 
quadrature demodulating unit 38. 

Therefore^ the OFDM signal carried by the central can-ier wave FO is demodulated to an analog demodulated 
OFDM signal (or a plurality of sets of demodulated analog iniahase and quadrature signals indicating a plurality of 
demodulated information signals, a demodulated reference signal and a demodulated symbol number) equivalent to 
the analog signal input to the quadrature modulating unit 21 , and the analog denrxxJulation signal is transmitted to the 
low pass filter 40. The analog denxxJulated OFDM signal of a required frequency band passes through the low pass 
filter 40 and is fed to the A/D converting unit 41 , and the analog demodulated OFDM signal is converted to a pluralrty 
of sets of demodulated digital in-phase and quadrature signals indicating a plurality of demodulated digital information 
signals, the demodulated reference signal and the demodulated symbol number. 

In this case, a sampling operation in the A/D converting unit 41 for the analog demodulated OFDM signal transmit- 
ted from the LPF 40 is performed in synchronization with a sample synchronising signal generated in the synchronizing 
signal generating circuit 39. The sample synchronizing signal is produced from a pilot signal, and a sample clock fre- 
quency of the sample synchronizing signal is twice as high as a Nyquist frequency. That is. because a frequency of the 
pilot signal is half of the Nyquist frequency, a frequency of the pilot signal is nmiltiplied by 4, so that the sample synchro- 
nizing signal having the sample clock frequency is obtained. 

The synchronizing signal generating circuit 39 comprises a sample synchronizing signal generating unit having a 
PLL circuit for receiving the central canrier from the cannier wave extracting unit 35 and generating a sample synchroniz- 
ing signal of which a phase is synchronized witii that of a pilot signal transmitted as a successive signal at each symbol 
period including the guard interval period, a symbol synchronizing signal generating unit for examining a phase condi- 
tion of the pilot signal by using a signal taken out from a part of tiie sample synchronizing signal generating unit, detect- 
ing tfie symbol period and generating a symbol synchronizing signal, and a system clock generating unit for generating 
a system clock signal such as an interval signal used for the removal of tiie guard inten/al period from tiie sanple syn- 
chronizing signal and the symbol synchronizing signal. The symbol synchronizing signal having a pulse for each syniol 
is shown in Fig. 2D. 

The plurality of sets of demodulated digital in-phase and quadrature signals fed from the A/D converting unit 41 are 
transmitted to the guard intenral period processing circuit 42 for each symbol, a plurality of sets of demodulated in- 
phase and quadrature signals in each effective symbol period in which an inverse influence of a multi-patti distortion is 
reduced because of the addition of ttie guard interval period to tiie symbol period are obtained by removing the guard 
interval period from the symbol period in the processing circuit 42 in synchronization with the system clod< signal, and 
the plurality of sets of digital in-phase and quadrature signals are fed to the FFT circuit 43. In ttie FFT circuit 43, a com- 
plex Fourier transformation is performed for tiie plurality of sets of digital in-phase and quadrature signals in synchroni- 
zation with the system cloc^ signal, a plurality of sets of reproduced in-phase and quadrature signals indicating a 
plurality of reproduced digital information signals, a reproduced reference signal and the symbol number in synchroni- 
zation with ttie system dock signal and levels of real and imaginary parts of ttie plurality of reproduced information sig- 
nals carried by ttie modulated carrier waves tiirough ttie spatial transmission path are calculated. 

The levels of the real and imaginary parts of the plurality of reproduced information signals are compared in ttie 
QAM reproducing circuit 44 witti an output of a reproduced signal con^esponding to a pair of particular positive arxJ neg- 
ative carrier waves which transmit one reference signal known by ttie receiving apparatus 31 . That is, each of ttie levels 
of ttie real and imaginary parts of tiie plurality of reproduced digital information signals earned by the modulated earner 
waves is con-ected in ttie QAM reproducing circuit 44 to obtain a plurality of corrected information signals from ttie 
reproduced digital information signals. The corrected information signals are processed in the output circuit 45. That is, 
the corrected information signals transmitted to the output circuit 45 in parallel are changed to the conected information 
signals arranged in series. Thereafter, ttie corrected digital information signals are output to the output terminal 46. 

In cases where only the transmission of the I and Q signals is considered, a set of the orthogonal frequency division 
multiplex signal transmitting apparatus 1 1 and tiie orthogonal frequency division multiplex signal receiving apparatus 
31 used to perform a frequency division multiplex signal transmitting mettiod according to the first embodiment is simply 
expressed by an orthogonal frequency division multiplex signal fransmitting and receiving apparatus shown in Fig. 4. 

Fig. 4 is a block diagram of an orttiogonal frequency division multiplex signal transmitting and receiving apparatus 
in which the I and Q signals are processed. 

As shown in Fig. 4. an orttiogonal frequency division multiplex signal transmitting and receiving apparatus 50 com- 
prises a set of an in-phase signal processing unit 51 and a quadrature signal processing unit 52 corresponding to a 
group of the D/A converting unit 1 7, ttie LPF 1 8 and a multiplier (not shown), a set of a first multiplier 53. a second mul- 
tiplier 54 and an adder 55 corresponding to the quadrature modulating unit 21, a transmission system circuit 56 con-e- 
sponding to a group of the frequency converting unit 23. the transmitting unit 24, characteristics of the spatial 
transmission patti. the receiving unit 32, a band pass filter (not shown), ttie frequency converting unit 33 and the inter- 
mediate frequency amplifying unit 34, a set of a first multiplier 57 and a second multiplier 58 corresponding to a group 
of the earner extracting unit 35 and the quadrature demodulating unit 38, and a set of an in-phase signal processing 
unit 59 and a quadrature signal processing unit 60 corresponding to a group of tiie LPF 40 and ttie A/D converting unit 
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41. 

When a digital information signal allocated to a positive carrier wave of a frequency +Wn is expressed by a complex 
number (p + jq), the complex number (p + jq) is transformed to a set of in-phase (0 signal Si(Wn) and quadrature (Q) 
signal SQ(Wn) having a time-axis waveform in the arithmetic unit 13 according to the inverse discrete Fourier transfor- 
mation. Also, when another digital information signal allocated to a negative carrier wave of a frequency -Wn symmetric 
to the positive earner wave witii respect to tiie central carrier wave of tiie frequency FO is expressed by another complex 
number {r + ju), the complex number (r + ju) is transformed to a set of in-phase (I) signal S|(-Wn) and quadrature (Q) 
signal SQ(-Wn) having a time-axis waveform in the arithmetic unit 13 according to the inverse discrete Fourier ti^nslbr- 
mation. The I and Q signals are formulated as follows. 

S ,(Wn) = A*cos(+Wn*t + a) (1 ) 

S Q(Wn) A*sln(+Wn*t + a) (2) 

S ,(-Wn) = B*cos(-Wn*t + b) (3) 

S Q(-Wn) = B*sin(-Wn*t + b) (4) 

Here. A=: V(p % q ^) . a=tan- ■* (q/p) . 6= V(r ^ + u ^) and b=tan (u/r) are satisfied. S|(Wn) denotes an I signal for the 
complex nuntoer (p + jq). SQ(Wn) denotes a Q signal for the complex nunrtoer (p + jq), S|(-Wn) denotes an I signal for 
tiie complex number (r + ju), and SQ(-Wn) denotes a Q signal for the complex number (r + ju). When tiie I signals S|(Wn) 
and S|(-Wn) are input to tiie In-phase signal processing unit 51 , an amplitude of each of the I signals is changed by a 
facta XI . and a phase of each of tiie I signals is changed by a factor c1 . Also, when tiie Q signals SQ(Wn) and Sq(- 
Wn) are input to tiie quadrature signal processing unit 52. an amplitude of each of the Q signals is changed by a factor 
X2. and a phase of each of tiie Q signals is changed by a factor c2. The I signals S|(Wn) and S|(-Wn) output from tfie 
processing unit 51 are expressed according to equations (5) and (7), and the Q signals SQ(Wn) and SQ(-Wn) output 
from tiie processing unit 52 are expressed according to equations (6) and (8). v 



S ,(Wn) = XI *A*cos(+Wn*t + a + c1) (5) 

S Q(Wn) = X2*A*sin(+Wn*t + a + c2) (6) 

S ,(-Wn) = X1 *B*cos(-Wn*t + b + c1 ) (7) 

S q(- Wn) = X2*B*sin(-Wn*t + b + c2) (8) 



Thereafter, the I signals S|(Wn) and S|(-Wn) are multiplied by a first modulating wave X3*cos(W0*t + c3 + c4) in tiie 
first multiplier 53 to modulate tiie I signals, so tiiat the I signals S|(Wn) and S|{-Wn) are expressed according to equa- 
tions (9) and (10). Also, tiie Q signals SQ(Wn) and SQ(-Wn) are nwltiplied by a second modulating wave 
X4*sin(W0*t + c3) in the second multiplier 54 to modulate tfie Q signals, so tfiat the Q signals SQ(Wn) and SQ(-Wn) 
are expressed according to equations (1 1) and (12). 

S ,(Wn) = X1 *A*cos(Wn*t+a-K;1)*X3*cos(W0*t+c3+o4) (9) 
= (1/2)*X1*X3*A{cos((W0+Wn)t+a+c1+c3+c4)+ cos((W0-Wn)t-a-c1+c3+c4)} 

S ,(-Wn) = XI *B*cos(-Wn*t+b+c1 )*X3*cos(W0*t+c3+c4) (1 0) 

= (1/2)*XrX3*B{cos((W0-Wn)t+b+c1+c3+c4)+ cos((W0+Wn)t-b-c1+c3-K>t)} 



S Q(Wn) = X2 Wsin(Wn*t+a+c2)*(-X4)*sin(W0*t+c3) (11) 
= (i^)*X2*X4*A{cos((W0+Wn)t+a+c2+c3)-cos((W0-Wn)t-a-c2+c3)} 



S Q(-Wn) = X2*B*sin(-Wn*t+b+c2)*(-X4)*sin(W0*t+c3) (12) 
= (1^)*X2*X4*B{cos((W0-Wn)t+bfc2+c3)-cos((W0+Wn)t-b-c2+c3)} 

Here, the factor c4 denotes an error in ortiiogonality The I and Q signals Si(Wn), S|(-Wn). SQ(Wn) and SQ(-Wn) are 
added each other in the adder 55 to obtain a combined signal Sc(Wn,-Wn). In cases where an anplitude change or a 
phase change occurs in the adder 55, the amplitude change is absorbed by tiie factor X1 or X3 for the I signals and ttie 
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factor X2 or X4 for the Q signals, and the phase change is absorbed by the factor c3-k;4 for the I signals and the factor 
c3 for the Q signals. A (WO+Wn) component of the combined signal Sc(WnrWn) is expressed according to an equation 
(13), and a (WO-Wn) conponent of the confined signal Sc(Wn,-Wn) is expressed according to an equation (1 4). 

£WO+Wn) component: 

(1/2)P(1*X3{Acos((W0+Wn)t^^^<;1^^^<;4)+Bcos{(WCHWn)t^)-c1+c3^ 

+X2*X4{Acos((W0+Wn)t+a+c2+c3)-Bcos((W0+Wn(t-b-c2+c3)}] ^^^^ 



(WO-Wn) component: 

(1/2)p(1*X3{Bcos((W0-Wn)tH^1+c3+c4)+Acos((W0-Wn)t-a<1-i^-i<;4)} 
+X2*X4{Bcos{(W0-Wn)t+b4C2-K;3)-Acos((W0-Wn)t-a-c24c3)}] 

The combined signal Sc(Wn,-Wn) transmits through the transmission system circuit 56. In this case, an influence of a 
transmission system including an influence of a multi-path circumstance is exerted on the I and Q signals of the com- 
bined signal Sc(Wn,-Wn). so that characteristic changes such as an amplitude change and a phase change occur in 
each of the I and Q signals. An amplitude change in each of the signals S|(Wn) and SQ(Wn) is expressed by a factor 
Y1 , and an anplitude change in each of the signals S|(-Wn) and SQ(-Wn) is expressed by a fector Y2. a phase change 
in each of the signals S|(Wn) and SQ(Wn) is expressed by a factor d1 , and a phase change in each of the signals S|(- 
Wn) and SQ(-Wn) is expressed by a factor d2. A (WO+Wn) component of the combined signal Sc(Wn,-Wn) influenced 
by the transmission system is expressed according to an equation (IS), and a (WO-Wn) conriponent of tiie combined 
signal Sc(Wn,-Wn) influenced by the transmission system is expressed according to an equation (16). 

(WO+Wn) component: 

( 1 /2[X1 X3Y1 {Acos((W0+Wn)t4a+c1 +c3+c44<J l)+Bcos((W0+Wn)t-b-c1 +c3+c4^ 1 )} 
+X2X4Y 1 {Acos((W0+Wn)t+a+c2+c3+d1 )-Bcos((W0+Wn)t-b-c2+c34d1 )}] 



(WO-Wn) component: 

(1/2)[X1 X3Y2{Bcos((W0-Wn)t+bfCl +c3+c44d2)+Aoos((W0-Wn)t-a-c1 +c3+c4+d2)} 

+X2X4Y2{Bcos((W0- Wn)t+b4C2+c3+d2)-Acos((W0-Wn)t-aK^+c3+d2)}J ^' 

Thereafter, the I and Q signals of the combined signal Sc{Wn,-Wn) are quadrature-demodulated by the multipliers 57 
and 58. In this case, an error in orthogonality is indicated by a factor g4. a demodulation carrier wave for the I signals 
is expressed by 2*Z3*cos(W0*t + g3 + g4) , and a demodulation can-ier wave for the Q signals is expressed by 
-2*Z4*sin(W0*t + g3) . Therefore, the demodulated I signal having a +Wn component generated from the (WO+Wn) 
component is expressed according to an equation (17), and the demodulated Q signal having a +Wn component gen- 
erated from the (WO+Wn) component is expressed according to an equation (18). In this case, higher harmonic waves 
are omitted. 

S,(Wn)=(1/2)[X1X3Y1{Acos((W0+Wn)t+a4Cl+c3+c4+d1)+Bcos((W0+Wn)t 
-b-cl 4C3+c44d1 )}+X2X4Y1 {Acos((W0+Wn)t+a+c2+c3+d1) 
-8cos((W0+Wn)t-b-c2+c3-Kl1)}]*2*Z3*cos(W0*t+g3-K|4) (1 7) 

=(1/2)[X1X3Y1Z3{Acos(Wn*t+a+c1-K;3+c4+d1-g3-g4)+Bcos(Wn*t 
^D-c1+c3+c4-Kl1-g3-g4)}+X2X4Y1Z3{Acos(Wn*t+a+c2+c3+d1-g3-g4)-Bcos(Wn*t-b-c2+c3+d1-g3-g4))] 

SQ(Wn)=(1/2)[X1X3Y1{Acos((W0+Wn)t+a4Cl+c3+c44d1)+Bcos((W0+Wn)t 
-b-cl -K;3+c4-Ki1 )}+X2X4Y1 {Acos((W0+Wn)t+a+c2+c3-Ki1 ) 

-Bcos((W0+Wn)t-b-c2+c3-Ki1)}]*(-2)*Z4*sln(W0*t+g3) (18) 
=(1/2)[X1X3Y1Z4{Asin(Wn*t+a+c1+c3+c44d1-g3)+Bsin(Wn*t 
-b-c1+c3+c4-KJ1-g3)}+X2X4Y1Z4{Asin(Wn*t+a+c2+c3-Kl1"g3) -Bsin(Wn*t-b-c2+c3+d1-g3)}] 



17 



EP0 765 059 A2 



Also, the demodulated I signal having a -Wn component generated from the (WO-Wn) component is expressed accord- 
ing to an equation (19), and the demodulated Q signal having a -Wn component generated from the (WO-Wn) compo- 
nent is expressed according to an equation (20). In this case, higher harmonic waves are omitted. 



S,(Wn)=(1/2)[X1 X3Y2{Bcos((W0-Wn)t+l>«;1 +c3+c44d2)+Acos((W0- 

Wn)t-a-c14c3^<:44<i2)}+X2X4Y2{Bcos((W0-Wn)t+bH;2K:3K^^ 
- Acos((W0-Wn)t-a-c2+c3+d2)}]*2*23*cos(W0*t-^g34g4)' 
«(1/2)[X1X3Y223{Bcos(-Wnn+b4<:1«;3+c4^2^3-g4)+Acos(-Wn*t-a- 
c1-ic34<>l4d2-g3'g4)}+X2X4Y2Z3{Bcos(-Wn*t+b+c2-K;34d2- 
g3-g4)-Acos(-Wn*t-a-c2+c34<j2-g3-g4)}] 

SQ(-Wn)=(1/2)p(1X3Y2{Bcos{(W0+Wn)t^^1-K34<>4+d2)+ 

-a-Cl 4^-K>t+d2)}+X2X4Y2{Bcos((W0-Wn)t+tHC2+c3-KJ2)- 
Acos((W0+Wn)t-a-c24c34d2)}]*(-2)*24*sin(W0*t+g3) 
r=(1/2)p(1X3Y1Z4{Bsln(-Wn*t+l>H;1+c3+c4+d2-g3) 
+Asin{-Wn*t-a-c1+cS+c44d2-g3)l+X2X4Y2Z4{Bsin(-Wn*t 
+l>HC2+c34d2-g3)-Asin(-Wn*t-a-c24C3+d2-g3)}] 

The I signals Si(Wn) and Si(-Wn) output from the multiplier 57 are processed in the in-phase signal processing unit 59. 
That is, an amplrtude of each of the I signals S|(Wn) and Sr(-Wn) is changed by a factor 21 , a phase of each of the I 
signals S|(Wn) and S|(-Wn) is changed by a factor g1 , and demodulated in-phase (I) signals SpiCWn) and SpK-Wn) are 
output from the processing unit 59. Also, the Q signals SQ(Wn) and SQ(-Wn) outputfrom the multiplier 58 are processed 
in the quadrature signal processing unit 60. That is. an amplitude of each of the Q signals SQ(Wn) and SQ(-Wn) is 
changed by a factor 22, a phase of each of the Q signals SQ(Wn) and SQ(-Wn) is changed by a factor g2, and demod- 
ulated quadrature (Q) signals SooCWn) and SDQ(-Wn) are output from the processing unit 60. The demodulated I signal 
SotCWn) carried by the positive carrier wave of the frequency +Wn is expressed according to an equation (21), the 
demodulated Q signal SDQ(Wn) carried by the positive carrier wave of the frequency +Wn is expressed according to an 
equation (22). the demodulated I signal SoK-Wn) carried by the negative carrier wave of the frequency -Wn is 
expressed according to an equation (23), and the demodulated Q signal SQQ(-Wn) earned by the negative carrier wave 
of the frequency -Wn is expressed according to an equation (24). 



S Di(Wn)=(1 ^)*{+X1 X3Y1 21 23Acos(Wn*t+a+c1 +c3«>4+d1 -g3-g44g1 ) 
+X2X4Y1Z123Acos(Wn*t+a4<:2+c3+d1 -g3-g4+g1) 
+X1X3Y12123Bcos(Wn*t-b-c1+c3-K>44d1-g3-g4+g1) 
-X2X4Y12123Bcos{Wn*t-b-c2+c3^1.g3-g445l)} 



S DQ(Wn)=(1/2)*I+X1 X3Y12224Asin(Wn*t+a+c1+c3+c4^1-g3+g2) 
+X2X4Y1 Z2Z4Asin(Wn*t+a4c2+c3+d1 -g3+g2) 
+X1 X3Y12224Bsin(Wn*t-b-c1 +c3+c44d1 -g3+g2) 
-X2X4Y1 Z224Bsin(Wn*t-b-c2+c3+d1 ■g3+g2)} 

S D, (-Wn)=(1/2)*{+X1 X3Y2Z1 23Bcos(-Wn*t+b+c1 +c34C44d2-g3-g4+g1 ) 
+X2X4Y2Z1 23Bcos(-Wn*t+b+c2+c3+d2-g3-g4+g1) 
+X1X3Y22123Acos(-Wn*t-a-c1+c3+c44<J2-g3-g4+g1) 
-X2X4Y2Z1Z3Acos(-Wn*t-a-c2+c3-KJ2-g3-g4+g1)} 

S DQ(-Wn)=(1/2)*{+X1 X3Y222Z4Bsin(-Wn*t-i.b+c1 +c3+c4+d2-g3+g2) 
+X2X4Y2Z2Z4Bsin(-Wn*t4b+c2+c34d2-g3+g2) 
+X1 X3Y22224Asin(-Wn*t-a-c1 +c3+c44d2-g3-hg2) 
-X2X4Y222Z4Asin(-Wnn-a-c2+c34d2-g3+g2)} 



(22) 



(23) 



(24) 



Thereafter, a disaete Fourier transformation is performed for the demodulated I and Q signals SDi(Wn).SDQ(Wn),SDi(- 
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Wn) and SooC-Wn). and a Wn connponent and a -Wn component are respectively obtained in a form of a complex 
number. That is, in cases where the demodulated I and Q signals So](Wn) and SoQ(Wn) are indicated by an exponential 
function and the demodulated t and Q signals SQi(-Wn) and SQQ(-Wn) are indicated by another exponential function, 
the above operation denotes that a combination of a length and a phase in each of rotational vectors exp{j(+Wn*t)} and 
exp{-j(-f-Wn*t)} is calculated. In detail, in cases where the demodulated I and Q signals SoiCWn) and SDQ(Wn) are 
expressed by an exponential function by setting the demodulated I signal S^iCWn) as a real number part and setting tiie 
denrodulated Q signal SoQ(Wn) as an imaginary number part, an equation (25) is obtained. 

+Wn component: 



Here, X'=X1 X3. X=X2X4, Z'=Z1 Z3, Z=Z2Z4. r=Y1 and Y=Y2 are satisfied. Also, in cases where the demodulated I and 
Q signals SpK-Wn) and SooC-Wn) are expressed by an exponential function by setting the demodulated I signal Sdi(- 
Wn) as a real number part and setting the demodulated Q signal SooC-Wn) as an imaginary number part, an equation 
(26) is obtained. 

-Wn component: 



That is, a length and a phase in each of tiie rotational vectors of tiie Wn and -Wn components are obtained by combin- 
ing 16 vectors. Because the Wn component is expressed by A'expj (+Wn*t+a') and the -Wn component is expressed by 
B'expj(-Wn*t+b'). *he Wn component apparentiy denotes a complex number p*+jq\ and the -Wn component apparently 
denotes a complex number r'+ju'. 

In cases where tiie Wn and -Wn components of the equations (25) and (26) are again expressed by complex num- 
bers by using coefficients SO to S7, 



(1/4)expj(+Wn*t+c3-g3)* 
[Aexpja{+X'Y'Z'expj(4Cl +o44d1 -g4+g1 )+XY7'expj(+c2+d1 -g4+g1) 
+XYZ'exRj(+c1-c4KJ2+g4-g1)-XYZ'expj(+c2-d2+g4-g1) 
+XY7expj(+c1 +c4+d 1 +g2)+XY'Zexpi(+c2-Kl1 +g2) 
-XYZexpj(+c1 Kj4<l2-g2)+XYZexpj(+c2-d2-g2)} 
+Bexp-jb{+XYZ'expj(<1 -c4-d2+g4-g1 )+XYZ*expj(-c2-d2+g4-g1 ) 
+X TZexpj(-cl4044d1 -g4+g1)-XY'Z'expj(-c24<J1 ^4+g1) 
-X'YZexpK-cl -c4<l2-g2)-XYZexpj(-c2-d2-g2) 
+XrZexpj(-c1+c44<ll4^2)-XY'Zexpj(-c2^1 +g2)}] 



(25) 



(1/4)expj(-Wn*t+c3-g3)* 
[Bexpjb{+XY2'expj(+c1 +c4+d2-g4+g1 )+XYZ'expj(+c24d2-g4+g 1 ) 
-i.X'Y7'expj(+c1-c4-d1-Hg4-g1)-XY7'expj{+c2-dl4^4-g1) 
+X'YZexpj(-K;1 +c4+d2+g2)+XY2expj(+c2-KJ2+g2) 
-XTZexpjX+cl -c4<11 -g2)+XY'Zexpj(+c2-d1 -g2)} 
+Aexp-ja{+XYZexpj(-c1-c4-d1+g4-g1)+xrZexpj(-c2<l1+g4-g1) 
+XYZ'expj(-c1+c44d2-g4+g1)-XYZ'expj(-c24d2-g4+g1) 
-XTZexpj(-c1 -c4<l 1 -g2)-XY*Zexpj(-c2-d1 -g2) 
+XYZexpj(-c1 +c4+d2+<|2)-XYZexpj(-c2+d2+g2)}] 



(26) 



(p'+jq') = (p+jq)(S0+jS1) + (r-ju)(S2+jS3) 



(27) 



(r'+ju*) = (r+ju)(S6+jS7) + (p-jq)(S4fjS5) 



(28) 



are obtained as a result of the discrete Fourier transformation. That is, 
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^S0,-S1,S2,S3> 
SI, SO, S3,-S2 
S4, S5, S6,-S7 
.S5,-S4, S7. S6; 



q 



r 



(29) 



is satisfied. Therefore, the coefficient SO denotes a transfer coefficient for transferring a real number part of the positive 
modulation carrier wave to a real number part of the positive demodulation carrier wave and transfemng an imaginary 
number part of the positive modulation carrier wave to an Imaginary number part of the positive demodulation earner 
wave The coeff bent S1 denotes a leaking coefficient for leaking a real number part of the positive modulation can-ier 
wave to an imaginary number part of the positive denrKXlulatlon carrier wave and leaking an imaginary number part of 
the positive modulation carrier wave to a real number part of the positive demodulation carrier wave. The coefficient S2 
denotes a leaking coefficient for leaking a real number part off the negative modulation carrier wave to a real number 
part of the positive demodulation carrier wave and leaking an Imaginary number part of the negative modulation carrier 
wave to an Imaginary number part of the positive demodulation carrier wave. The coefficient S3 denotes a leaking coef- 
ficient for leaking a real number part of the negative modulation can-ier wave to an imaginary nuirt)er part of the positive 
demodulation carrier wave and leaking an imaginary number part of the negative modulation carrier wave to a real 
number part of the positive demodulation carrier wave. The coefficient S4 denotes a leaking coefficient for leaking a real 
number part of the positive modulation carrier wave to a real number part of the negative demodulation carrier wave 
and leaking an imaginary number part of the positive modulation earner wave to an Imaginary nurter part of the neg- 
ative demodulation earner wave. The coefficient S5 denotes a leaking coefficient for leaking a real number part of the 
positive modulation carrier wave to an imaginary number part of the negative demodulation carrier wave and leaking an 
Imaginary nun^er part of the positive modulation carrier wave to a real number part of the negative demodulation car- 
rier wave. The coefficient S6 denotes a transfer coefficient for transferring a real number part of the negative modulation 
carrier wave to a real number part of the negative demodulation carrier wave and transferring an imaginary number part 
of the negative modulation carrier wave to an imaginary number part of the negative demodulation carrier wave. The 
coefficient S7 denotes a leaking coefficient for leaking a real number part of the negative modulation earner wave to an 
imaginary number part of tiie negative denrodulation carrier wave and leaking an imaginary nunter part of the negative 
modulation earner wave to a real number part of tiie negative demodulation carrier wave. The description that each of 
tiie coefficients is positive or negative is omitted. 

That Is, the coefficients SO to S7 Indicate transmission characteristics of a transmission path for the I and Q signals. 
Therefore, tiie ti^nsmission characteristics can be detected by calculating the coefficients SO to S7. Also, in cases 
where an inverse matrix of a matrix In the equation (29) is calculated, received data can be eon-ected, and transmission 
data can be estimated. 

Therefore, a symbol number Is generated in tiie symbol number counting circuit 1 4 of the ti-ansmitting apparatus 1 1 
for each of synrtKrfs on condition that the symbol numbers are generated in tiie Increasing order and the generation of 
the synrtol numbers Is circulated when the symbol number reaches a maximum number. That is, the symbol numbers 
0,1,2.",254,255,0,1,2," are generated In tiiat order at symbols. The symbol numbers are fed one by one to the arith- 
metic unit 13 and the reference signal Inserting circuit 15. In tiie arithmetic unit 13, each of tiie symbol numbers Is 
Inserted into a corresponding particular carrier wave (for example, the central carrier wave). 

Also, in the reference signal inserting circuit 15, a reference signal indicated by two values which each are a com- 
plex number, a real number or an imaginary number is generated, and one value (one complex number, one real 
number or one imaginary number) of the reference signal is Inserted into a digital information signal cabled by a earner 
wave of tiie frequency +Wn for each symbol as a piece of reference data known in tiie ortiiogonal frequency division 
multiplex signal receiving apparatus 31 . Also, the other value (one complex nun*er, one real number or one imaginary 
number) of the reference signal is inserted Into another digital information signal cam'ed by a carrier wave of the fre- 
quency -Wn, which is symmeti-ic to ttie frequency +Wn witfi respect to tiie frequency FO of tiie central carrier wave in 
the same symbol, as tie piece of reference data because there is a probability tiiat tiie digital information signal carried 
by tiie carrier wave of tiie frequency +Wn leaks to the digital information signal carried by tiie carrier wave of tiie fre- 
quency -Wn as an image component or crosstalk. The reference signal inserted into a pair of digital information signals 
carried by the pair of carrier waves of tiie frequencies +Wn and -Wn in one symbol is specified by one symbol number 
inserted into tiie same symbol. The frequency of the can'ier wave in which the reference signal is inserted is predeter- 
mined in correspondence to one symbol number and is changed to another frequency every prescribed time because 
transmission characteristics for one frequency often differ from ttiose for another frequency 

As an example, one of two types of reference signals is inserted into a can'ier wave specified by one symbol 
number. That Is, in cases where tiie carrier wave is specified by an even symbol number, a first type of reference signal 
expressed by a matrix according to an equation (30) is Inserted into a pair of carrier waves of an even symbol as a 
known value. Also, in cases where the carrier wave is specified by an odd symbol number, a second type of reference 
signal expressed by a matrix according to an equation (31) is inserted into a pair of carrier waves of an odd symbol as 
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another known value. 
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(30) 



(31) 



That is. a presaibed value Ps is set in a real number part of a digital information signal (indicated by a complex number) 
transmitted by the positive carrier wave of the frequency +Wn which is specified by the even symbol number, and 
another prescribed value rs is set in a real number part of a digital infomiation signal transmitted by the negative cannier 
wave of the frequency -Wn which is specified by the odd symbol number. The prescribed values ps and rs are known 
in the receiving apparatus 31 . In this embodiment, the first type of reference signal is inserted into one pair of positive 
and negative carrier waves of the frequencies +Wi and -Wi (i = 1 to 128) in the 2(i-1)-th symtwl specified by one even 
symbol number 2(1-1), and the second type of reference signal is inserted into one pair of positive and negative carrier 
waves of the frequencies +Wi and -Wi in the (2i-1)-th symbol specified by one odd symtjol number (21-1). 

Because a set of the frequencies of the pair of positive and negative cannier waves into which one type of refererrce 
signal is inserted is changed every two symbols, the reference signals inserted into the all 128 sets of positive and neg- 
ative carrier waves are transmitted every 256 symbols. That is. one type of reference signal is inserted into one pair of 
positive and negative cannier waves of the frequencies +Wn and -Wn every 256 symbol periods. 

In the orthogonal frequency division multiplex signal receiving apparatus 31 , the FFT circuit 43 and the QAM repro- 
ducing circuit 44 has a configuration shown in Fig. 5. and con-ected transmission information signals (or corrected trans- 
mission information) Rc' and Ic* are obtained from the denxxlulated I and Q signals SDi{Wn).SDQ(Wn).SDi(-Wn) and 
SDQ(-Wn). In detail, as shown in Fig. 5. the demodulated I and Q signals SDi(Wn),SDQ(Wn),SDi(-Wn) and SDQ(-Wn) 
output from the signal processing units 59 and 60 are fed to a fast Fourier transformation (FFT) symbol number repro- 
ducing circuit 61. In the circuit 61, a fast Fourier transformation is performed for the denrradulated I and Q signals 
SDi(Wn),SDQ(Wn).SDi(-Wn) and SQQ(-Wn). one symbol number inserted into one carrier wave (for example, the central 
carrier wave) is reproduced, and a type of reproduced reference signal corresponding to one type of reference signal 
which is inserted into one pair of particular positive and negative carrier waves specified by the symbol number is cal- 
culated for each symbol. 

One type of reproduced reference signal con-esponding to the even symbol number is indicated by four elements 
Pis'* qis'' ''is' "is ' another type of reproduced reference signal corresponding to the odd symbol number is 
indicated by four elements P2s'. q2s'. ''2s' "2s'- The symtwl number and the reproduced reference signal obtained 
in the circuit 61 for each symbol are fed to a transmission patii characteristic detecting circuit 62. Also, in the circuit 61 , 
the fast Fourier transformation (FFT) is performed for the demodulated I and Q signals SDi(Wn).SDQ(Wn),SDi(-Wn) and 
SDQ{-Wn) obtained by performing the IDFT In the transmitting apparatus 1 1 , and real parts R' and imaginary parts 1' of 
pieces of reproduced digital information signals are obtained. The reproduced digital information signals R' and I' are 
fed to a con-ecting circuit 63. 

In the ti'ansmission path characteristic detecting circuit 62, each type of reproduced reference signal is divided by 
a con-esponding type of reference signal known by the receiving apparatus 31 according to an equations (32) or (33). 
the coefficients SO, S1 , S4 and S5 are calculated by dividing elements of one type of reproduced reference signal cor- 
responding to the even symbol number by an element of the first type of reference signal con-esponding to tiie even 
symbol number, and the coefficients S2, S3, S6 and S7 are calculated by dividing elements of another type of repro- 
duced reference signal corresponding to the odd symbol number by an element of the second type of reference signal 
corresponding to tiie even symbol number. 
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(32) 
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(33) 



The equations (32) and (33) are obtained by substituting tlie equations (30) and (31) Into the equation (29) and rear- 
ranging the equation (29). Because the number of unknown numbers is 8, the coefficients SO to S7 are calculated by 
the transmission and reception of the two types of reference signals. Therefore, characteristics in the transmission path 
can be detected from the coefficierTts SO to S7. In this case, because the two types of reference signals are known in 
the transmitting apparatus 1 1 and the receiving apparatus 31 . the two types of reference signals are not limited to the 
equations (30) and (31). 

Also, when an inverse matrix of the matrix formulated in the equation (29) is calculated, tiie transmission data (the 
I and Q signals Si(Wn).SQ(Wn).S,(-Wn) and SQ(-Wn)) can be estimated by correcting tiie received data (the demodu- 
lated I and Q signals SDi(Wn),SDQ(Wn).SDi(-Wn) and SEX3(-Wn)). An inverse matrix of tiie matrix formulated in the 
equation (29) is expressed according to an equation (34) 
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(34) 



Here, coefficients HO to H7 and detA are formulated as follows. 

HO = +S0(S6S6+S7S7) - S2(S4S6+S5S7) + S3(S4S7-S5S6) 
HI = +S1(S6S6+S7S7) - S3(S4S6+S5S7) - S2(S4S7-S5S6) 
H2 = +S4{S2S2+S3S3) - S6(S0S2+S1 S3) + S7(S0S3-S1S2) 
H3 = +S5(S2S2+S3S3) - S7(S0S2+S1S3) - S6(S0S3-S1 S2) 
H4 = +S2(S4S4+S5S5) - S0(S4S6+S5S7) - S1(S4S7-S5S6) 
H5 = +S3(S4S4+S5S5) - S1(S4S6+S5S7) + S0(S4S7-S5S6) 
H6 = +S6(S0S0+S1S1) - S4(S0S2+S1S3) - S5(S0S3-S1 S2) 
H7 = +S7(S0SO+S1S1) - S5(S0S2+S1S3) + S4(S0S3-S1S2) 
detA = S0*H0 + SI *H1 + S4*H2 + S5*H3 



In a correcting equation deriving and storing circuit 64, tfie coefficients HO to H7 and the determinant detA are calcu- 
lated from tiie input coefficients SO to S7 detected in the transmission patii characteristic detecting circuit 62 according 
to tiie equations (32) and (33), and a connecting equation formulated by an equation (35) is calculated from the coeffi- 
cients HO to H7 and tiie determinant detA and is stored. 



detA 



^HO. H1,H2. H3^ 
HI, HO. H3,-H2 
H4, H5, H6. H7 
H5.-H4.-H7, H6/ 



(35) 



Therefore, the connecting equation for a corresponding set of positive and negative carrier waves can be prepared every 
two symbols. The corresponding set of positive and negative carrier waves Is specified by tiie symbol number. Because 
the correcting equation is prepared for each corresponding set of positive and negative carrier waves, in cases where 
the 257 carrier waves are used in tills embodiment, about 1 28 correcting equations are calculated and stored one after 
another In ttie correcting equation deriving and storing circuit 64. Also, because the coefficients SO to S7 change with 
time, the correcting equations are renewed as tiie time Is elapsed. 

In the correcting circuit 63, the reproduced digital information signals R' and i fed from the FFT symbol number 
reproducing circuit 61 are corrected according to one correcting equation corresponding to the set of positive and neg- 
ative carrier waves having the frequencies Wn and -Wn, and the corrected ti-ansmission information Rc' and Ic' are out- 
put as reproduced digital information signals. When the reproduced digital information signals R' and 1' are Indicated by 
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a complex number R1+jl1 corresponding to the positive carrier wave of the frequency +Wn and another complex 
number R2+jl2 corresponding to the negative carrier wave of the frequency -Wn and the corrected transmission Infor- 
mation Rc' and Ic* are indicated by a complex number Rc1+jtc1 corresponding to the positive can-ier wave of the fre- 
quency +Wn and another complex number Rc2+jlc2 con-esponding to the negative carrier wave of the frequency -Wn, 
the corrected transmission Information Rc^Rcl ,Rc2) and Ic'(lc1 ,lc2) are obtained from the reproduced digital informa- 
tion signals RXR1 .R2) and r(l1 J2) according to an equation (36). 
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(36) 



In cases where the FFT circuit 43 is a digital signal processor and the fast Fourier transformation is performed in 
the digital signal processor, the correction of the reproduced digital Information signals R* and V is performed according 
to a flow chart shown in Fig. 6. In detail, the reference signal is taken out from the positive and negative carrier waves 
specified by the symbol numbers in a step S101, the coefficients SO to S7 corresponding to the positive and negative 
earner waves are calculated according to the equations (32) and (33) in a step S102, the correcting equation corre- 
sponding to the positive and negative carrier waves is determined or renewed according to the equation (35) in a step 
S103, the reproduced digrtal information signals R* and I' are corrected according to the equation (36) in a st^ S104. 
Therefore, the reproduced digital information signals R' and r corresponding to each set of positive and negative earner 
waves having frequencies Wn and -Wn can be con-ected. 

In the first embodiment, the prescribed value ps is set as a first type of reference signal for a real number part of a 
complex number transmitted by tiie positive earner wave of the frequency +Wn which is specified by the even symbol 
number (the equation (30)), and the prescribed value rs is set as a second type of reference signal for a real number 
part of a complex number transmitted by tiie negative carrier wave of the frequency -Wn which is specified by tiie odd 
symbol number (tiie equation (31)). However, the reference signal is not limited to the equations (30) and (31). For 
example, two types of reference signals according to equations (37) and (38) can be used. 
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In this case, a r^roduced reference signal Is divided by the known reference signal according to an equation (39) and 
(40) in the transmission path characteristic detecting circuit 62, and the coefficients SO to S7 are calculated. 
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In this case, the reproduced reference signal corresponding to the even symbol number is indicated b/ four elements - 
Pis'. ciis'> '^^s^ reproduced reference signal corresponding to the odd symbol number is indicated by 

four elements p2s\ "Q2s'» ■''2s* ^25 - 

Also, it is applicable that two presalbed values be set as a first type of reference signal for real and Imaginary 
number parts of a complex number transmitted by the positive carrier wave of the frequency -fWn which Is specrfied by 
the even symbol number (equation (41)) and other two prescribed values be set as a second type of reference signal 
for real and imaginary number parts of a complex number transmitted by the negative carrier wave of the frequency - 
Wn which is specified by the odd symbol number (equation (42)). 
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In this case, a reproduced reference signal is divided by the known reference signal according to an equation (43) and 
(44) In the transmission path characteristic detecting circuit 62, and the coefficients SO to 87 are calculated. 
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(44) 



In this case, the reproduced reference signal corresponding to the even symbol number is indicated by four elements 
Pis'* qiS ' ''is' ^is * ^3 reproduced reference signal corresponding to the odd symbol numt)er is indicated by 
four elements p2s'i q2s'» ''2s' ^s- 

Also, as another example of reference signals, a set of elements (X,Y,X.Y) is inserted Into the positive carrier wave 
of the frequency +Wn which is specified by the even symbol number as a first type of reference signal, and another set 
of elements (Y,X, Y.X) is inserted into the negative carrier wave of the frequency -Wn which Is specified by the odd sym- 
bol number as a second type of reference signal. In this case, a first type of reproduced reference signal (pV, qV, r1', 
ul*) is obtained in the reproducing circuit 61 for the even symbol number, and a second type of reproduced reference 
signal (p2', q2\ r2', u2') Is obtained In the reproducing circuit 61 for the odd symbol number. Here, 



p1 ' = SO*X - SI *Y + S2*X + S3*Y 
p2' = SO*Y - SI *X + S2*Y + S3*X 
qr = SrX + SO*Y + 83*X - S2*Y 
q2' = SrY + SO*X + S3*Y - S2*X 
rr = S4*X + S5*Y + 86*X - S7*Y 
r2' = S4*Y + 85*X + S6*Y - S7*X 
u1 • = S5*X - S4*Y + S7*X + S6*Y 
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u2' = S5*Y - S4*X + S7*Y + S6*X 
are satisfied. The correcting coefficients SO to S7 are obtained In the detecting circuit 62 as follows. 

50 = (pi **X - p2'*Y - qr*Y + q2'*X)/(2X2 - 2Y2) 

51 = (pi • p2'*X + q1 '*X - q2'*Y)/(2X2 - 2Y2) 

52 = (pi **X ■ p2'*Y + q1 '*Y - q2'*X)/(2X2 - 2Y^ 

53 = -(pr*Y - p2**X - qr*X + q2'*Y)/(2X2 - 2Y2) 

54 = (r1 '*X - r2'*Y + u1 '^Y - u2'*X)/(2X2 - 2Y^) 

55 = -{r1 •*Y ■ r2'*X - u1 '^X + u2'*Y)/(2X2 - 2y^) 

56 = (rr*X - r2'*Y - ur*Y + u2'*X)/(2X2 - 2Y2) 

57 = (rr*Y - r2'*X + ur*X - u2**Y)/(2X2 - 

In the first embodiment, one reference signal is periodically transmitted, a correcting equation is derived according 
to one reproduced reference signal obtained from the reference signal, and the reproduced digital information signals 
R' and T are corrected according to the correcting equation. Therefore, until a new reproduced reference signal is 
received and a new correcting equation is calculated according to the new reproduced reference signal, the reproduced 
digital Information signals R* and r are corrected according to the correcting equation derived according to the repro- 
duced reference signal previously received. Accordingly, in cases where the transmission characteristics slightly 
change, the transmitting apparatus 1 1 and the receiving apparatus 31 according to the first embodiment are appropri- 
ate to obtain the corrected transmission information Rc' arid Ic' with high precision. 

However, there is a case that the reproduced digital information signals R' and V cannot be sufficiently corrected in 
case of a mobile communication or a multi-path circumstance in which the transmission characteristics are rapidly 
changed. Therefore, a transmitting apparatus and a receiving apparatus appropriate for the mobile communication or 
the multi-patii circumstance in which the transmission characteristics are rapidly changed are described according to a 
second embodiment. 

Fig. 7 is a block diagram of an orthogonal frequency division multiplex signal transmitting apparatus according to a 
second embodiment of tiie present invention. 

As shown in Fig. 7, an orthogonal frequency division multiplex signal transmitting apparatus 71 comprises tiie input 
circuit 12, the arithmetic unit 13, a syntfx)l nunrijer counting circuit 72 lor generating a symbol number for each of the 
digital information signals on condition that the symbol numbers are generated in the increasing order and the genera- 
tion of the symbol numbers is circulated and inserting the symbol numbers into tiie carrier waves, tiie reference signal 
inserting circuit 1 5, tiie output buffer 1 6, an intermediate frequency oscillating unit 73 for oscillating an intermediate fre- 
quency wave of 42.8 MHz, a digital quadrature modulating unit 74 for modulating tiie digital sets of tiie in-phase signals 
and tiie quadrature signals stored in tiie output buffer 16 to an ortiiogonal frequency division multiplex (OFDM) signal 
by using tiie intermediate frequency wave oscillated in ttie intermediate frequency oscillating unit 73 as canrier waves, 
a digital-to-analog (D/A) converter 75 for performing a D/A conversion for tiie OFDM signal, a band pass filter 76 for 
passing tiie OFDM signal of a required frequency band, the clock frequency divider 22 for periodically generating a 
clock signal by dividing the Intermediate frequency wave oscillated in the intermediate frequency oscillating unit 73 and 
transmitting each of tiie dock signals to the input circuit 1 2, the arithmetic unit 1 3, the output txjffer 1 6 and tiie D/A con- 
verter 75, tiie frequency converting unit 23, and the transmitting unit 24. 

In tiie above configuration, a plurality of sets of I signals and Q signals which are obtained by performing the IDFT 
for tiie digital information signals in tiie aritiimetic unit 13 and are successively read out from the output buffer 16 are 
fed to the digital quadrature modulating unit 74. In tiie modulating unit 74, a digital quadrature amplitude modulation is 
performed for the sets of 1 signals and Q signals while using the intermediate frequency wave of 42.8 MHz generated 
in the Intermediate frequency oscillating unit 73 as carrier waves, and a digital ortiiogonal frequency division multiplex 
(OFDM) signal composed of 257 information carrier waves is generated. TTiereafter, tiie OFDM signal is converted to 
an analog OFDM signal by tiie D/A converting unit 75, the analog OFDM signal of a required frequency band passes 
through ttie band pass filter 76, and ttie analog OFDM signal is radiated from an antenna (not shown) to a spatial trans- 
mission patti through the frequency converting unit 23 and the transmitting unit 24. In this case, a frequency spectrum 
of the analog OFDM signal radiated to the spatial transmission path is the same as tiiat shown in Fig. 2. However, as 
is described later In detail, symbol numbers inserted into the carrier waves of the sets of 1 signals and Q signals pro- 
duced In the arithmetic unit 13 are respectively indicated by 9 bits. 

Thereafter, the analog OFDM signal radiated to tiie spatial transmission path is received by an ortiiogonal fre- 
quency division multiplex signal receiving apparatus 81 shown in Fig. 8 and is demodulated. 

Fig. 8 is a block diagram of tiie orthogonal frequency division multiplex signal receiving apparatus 81 according to 
the second embodiment of tiie present invention. 

As shown in Fig. 8, the orthogonal frequency division multiplex signal receiving apparatus 81 comprises the receiv- 
ing unit 32. tiie frequency converting unit 33. tiie Intermediate frequency amplifying unit 34, the carrier wave extracting 
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unit 35. the intermediate frequency oscillating unit 36, the 90 degree shifter 37. the quadrature deniodulating unit 38, 
the synchronizing signal generating circuit 39, the low pass filter 40. the A/D converting unit 41 , the guard interval period 
processing circuit 42, a fast Fourier transformation (FFT) drpuit 82 for performing a complex Fourier transformation for 
a signal output from the guard interval period processing circuit 42 in synchronization with the system dock signal and 
calculating a signal level of a real part and a signal level of an imaginary part for each of frequencies of a plurality of 
carrier waves of the signal output from the guard interval period processing circuit 42, a quadrature amplitude modula- 
tion (QAM) reprodudng circuit 83 for comparing the signal levels of the real and imaginary parts for each of the frequen- 
cies of the carrier waves with a demodulated output of a reference carrier wave and calculating levels of quantized 
digital signals candied by digital information transmitting carrier waves to obtain a plurality of reproduced digital informa- 
tion signals, and the output circuit 45. 

In cases where only the transmission of the I and Q signals is considered, a set of the orthogonal frequency division 
muHiplex signal transmitting apparatus 71 and the orthogonal frequency division multiplex signal receiving apparatus 
81 used to perform a frequency division multiplex signal transmitting method according to the second embodiment is 
simply expressed by an orthogonal frequency division nnultlplex signal transmitting and receiving apparatus shown in 
Fig. 9. 

Fig. 9 is a block diagram of an orthogonal frequency division multiplex signal transmitting and receiving apparatus 
in which the I and Q signals are processed. 

As shown in Fig. 9. an orthogonal frequency division multiplex signal transmitting and receiving apparatus 91 com- 
prises the digital quadrature nrxxlulating unit 74, a signal processing unit 92 corresponding to a group of the D/A con- 
verting unit 75, the band pass filter 76 and a multiplier (not shown), a transmission system circuit 93 corresponding to 
a group of the frequency converting unit 23, the transmitting unit 24, characteristics of tiie spatial transmission path, tiie 
receiving unit 32, a t)and pass filter (not shown), the frequency converting unit 33 and tiie intermediate frequency ampli- 
fying unit 34, a set of a first multiplier 94 and a second multiplier 95 conesponding to a group of the carrier extracting 
unit 35 and tiie quadrature demodulating unit 38, and a set of an in-phase signal processing unit 96 and a quadrature 
signal processing unit 97 conesponding to a group of tiie LPF 40 and tiie A/D converting unit 41 . 

In tiie above configuration of tiie orthogonal frequency division multiplex signal transmitting and receiving appara- 
tus 91 , a digital quadrature modulation is performed for two I signals expressed according to the equations (1 ) and (3) 
and two Q signals expressed according to tiie equations (2) and (4) in the digital quadrature modulating unit 74. and an 
OFDM signal is produced. Thereafter, tiie OFDM signal is input to tiie signal processing unit 92, an amplitude of tiie 
OFDM signal Is changed by a factor X, and a phase of the OFDM signal is changed by a factor c. In addition, amplitude 
and phase of canier waves of frequencies +Wn and -Wn carrying the OFDM signal are changed in the transmission 
system drcuit 93. That is, an amplitude of ttie carrier wave of the frequency +Wn carrying the OFDM signal is changed 
by a factor V, an amplitude of the carrier wave of tiie frequency -Wn carrying the OFDM signal is changed by a factor 
Y, a phase of the carrier wave of the frequency -i-Wn carrying the OFDM signal is changed by a factor d1 , and a phase 
of tiie carrier wave of tiie frequency -Wn carrying tiie OFDM signal is changed by a factor d2. In tiiis case, an error in 
tiie transmitting apparatus 71 is disregarded. 

TTiereafter. a quadrature demodulation is performed for tiie OFDM signal in each of the anplif iers 94 and 95. In this 
case, an error in orthogonality is set to a value g4. a demodulated carrier wave for the I signals is expressed by 
2*cos(W04g3-i^4) , and another demodulated carrier wave for the Q signals is expressed by -2*sin(W0+g3) . Here, a 
value g3 denotes an en^or of a phase of each demodulated carrier wave, and a value g4 denotes an error in the quad- 
rature demodulating unit 38. The I signals quadrature-demodulated in the first amplifier 94 (or tiie quadrature demodu- 
lating unit 38) are input to the in-phase signal processing unit 96. In tiie unit 96, an amplitude of each I signals is 
changed by a factor Z\ a phase of each 1 signals is changed by a factor g1 , and demodulated signals r conesponding 
to the frequencies +Wn and -Wn of tiie cannier waves are output. Also, the Q signals quadrature-demodulated in tiie 
second amplifier 95 (or the quadrature demodulating unit 38) are input to the quadrature signal processing unit 97. In 
the unit 97, an anplitude of each Q signals is changed by a factor Z, a phase of each I signals is changed by a factor 
g2, and demodulated signals Q' caresponding to tiie frequencies +Wn and -Wn of tiie canrier waves are output. 

Thereafter, a discrete Fourier transformation (DFT) is performed for tiie r and Q' signals in the FFT drcuit 82, and 
components of tiie frequencies +Wn and -Wn of tfie carrier waves are respectively otrtained as a complex number. The 
-i-Wn component and tiie -Wn component are expressed as follows. 

+Wn component: 

A'expjC+WnM+a*) = (1/2)expj(+Wn*t+c3-g3)* 
[Aexpja{+XY'Z'expj(+c-KJ1-g4-i.g1)+XY'Zexpj(+c+<j1+g2)} (45) 
+Bexp-jb{+XYZ'expj(-c-d2+g4-g 1 )-XYZexpj{-c-d2-g2))] 
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-Wn component: 

B'e)cpj(-Wn*t+b') = (1^)expj(-Wn*t+c3-g3)* 
[Bexpjb{+XY2'expj(4C4d2-g4+g1)+XYZexpj(4<Hd2H^2)} (46) 
+Aexp-ja{+XY7'expj(-c<J1+g4-g1)-XY7expj(-c-d1-g2)}] 

Here, A'=V(p'^ +q'^). a'=tan (q'/p*) , B'^Vff^ + u'^) and b'^tan'^uVr') are satisfied. Also, a reference signal 
inserted into tlie positive carrier wave of tfie frequency +Wn is expressed by p + jq (p is a value of a real part, and q is 
a value of an imaginary part), and another reference signal inserted into the negative carrier wave of the frequency - Wn 
which is symmetric to the positive carrier wave of the frequency +Wn with respect to the central cannier wave is 
expressed by r + ju (r is a value of a real part, and u is a value of an imaginary part). In this case, a reproduced reference 
signal which is received in the receiving apparatus 81 and corresponds to the positive can"ier wave of the frequency 
+Wn is expressed by p' + jq' (p' is a value of a real part, and q' is a value of an imaginary part), and another reproduced 
reference signal which is received in the receiving apparatus 81 and corresponds to the negative carrier wave of the 
frequency -Wn is expressed by r* + ju' (r' is a value of a real part, and u* is a value of an imaginary part). Also, a value 
c3 denotes an error of a phase of a modulated carrier wave used in the transmitting apparatus 71 . 

In cases where the equations (45) and (46) are rean^anged by using the coefficients SO to S7, the relationship of 
the equations (27) and (28) is obtained as a result of the discrete Fourier transformation. That Is, the relationship of the 
equation (29) is obtained. 

In this embodiment, a response speed for characteristics (multi-path circumstance characteristics) changing at 
high speed because of the relative movement between the transmitting apparatus 71 and the receiving apparatus 81 is 
heightened. The change of the characteristics is indicated as the change of the values Y, Y d1 and d2. Therefore, in 
cases where the values Y', Y, d1 and d2 change to values M*T, N*Y, d1 -kJ3 and d2+d4, the equations (45) and (46) are 
altered to equations (47) and (48). 

+Wn component: 

A'expj(+Wn*t+a') = (1^)expj(+Wn*t+c3-g3)* 
[Aexpja{+XMYTexpj(4^4dl4d3-g4H^1)+XMY7expj(K;+<J1+d3+^2)} (47) 
+Bexp-jb{+XNYZ'expj(-c-d2<J4+g4-g1)-XNYZexpj(-c-d2-d4-g2)}] 

-Wn component: 

B'expj(-Wn*t+b') = (1/2)expj(-Wn*t+c3-g3)* 
[Bexpjb{+X^^rZ•expj(4C4<i24d4-g4^^1)+X^^YZexpj(^^ (48) 
+Aexp-ja{+XMY'Z'expj(-c-d1 -d3+g4-g1)-XMY'Zexpi(-c-d1 -d3-g2)}] 

When MexpGd3) = VI + jV2, Mexp(-jd3) = VI - jV2. NexpGd4) = V3 + jV4 and Nexp(-jd4) = V3 - jV4 are set, the equation 
(29) is rewritten to an equation (49). 
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^S5,-S4, S7, S6; 


^0, 0, V4, V3; 





(49) 



That is. a matrix of the reproduced reference signal which is received in the receiving apparatus 81 and corresponds to 
the carrier waves of the frequencies Wn and -Wn is obtained as a product of a matrix S of the static transmission char- 
acteristics con-esponding to the first embodiment, a matrix V of high speed changing characteristics and a matrix of the 
reference signal inserted into the carrier waves of the frequencies Wn and -Wn in the transmitting apparatus 71 . There- 
fore, the correcting equation derived in the correcting equation deriving and storing circuit 64 can be utilized in the same 
manner as in the first embodiment, and it is required in the second embodiment to derive a second correcting equation 
which is independent of the con-ecting equation derived in the correcting equation deriving and storing circuit 64. 

Also, in cases where an input digital information signal allocated to a positive can-ier wave of the frequency +Wn is 
expressed by a complex number (a + jb). another digital information signal allocated to the negative carrier wave of tiie 
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frequency -Wn is expressed by another complex number (c + jd), a reproduced digital information signal carried by the 
positive carrier wave of the frequency +Wn is expressed by a complex number (a' + jb*) and a reproduced digital infor- 
mation signal carried by the negative carrier wave of the frequency -Wn is expressed by a complex number (c' + id*), 
the matrix S of the static transmission characteristics and the matrix V of the high speed changing characteristics in the 
5 equation (49) can be applied for the digital Information signals. That Is. a relationship between a transmitted signal 
(a,b,c,d) indicating the input digital information and a received signal (a'.b'.c'.d) indicating tiie reproduced digital infor- 
mation signal is formulated according to an equation (50). 
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The matrix K is expressed as follows. 
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0 , 0 

0 , 0 

0 , V3/(V32+V42),V4/(V32+V42) 

0 , -V4/(V32+V42),V3/(V32+V42) ^ 

(51) 



Because tiiere are many elements of 0 value in the matrix K. tiie calculation for tiie matrix K is easier than that for tiie 
matrix H. Because the ntatrix K is renewed for each carrier wave and for each symbol, assuming that a volume of cal- 
culation for the matrix K is too large, tiie estimation of the high speed changing characteristics according to the second 
connecting equation cannot be performed. However, because the matrix K Is sinple. the estimation of tiie high speed 
changing characteristics according to the second correcting equation can be performed. Also, it is realized that tiie 
matrix K is not a set of positive and negative carrier waves and is independent for each carrier wave. 

A renewal processing for the matrices H and K is desalbed in brief. The matrix H is renewed for each reception of 
the reference signal in the same manner as in tiie first embodiment. When the matrix H is renewed, tiie matrix K is 
treated as a unit matrix. Thereafter, a difference between a desired signal position and a position of a first corrected 
information signal denoting reproduced digital information signal corrected according to the matrix H is detected for 
each symbol. That is. a high speed change of both an amplitude and a phase in the first corrected information signal is 
detected for each symbol, and the mati-ix K is renewed for each frequency and for each symbol. The renewed matrix K 
is used for a next symbol. 

Next, the renewal processing for the matrices H and K Is described In detail along a flow of symbols. When the ref- 
erence signal inserted into a prescribed carrier wave is received at a prescribed symbol N In the receiving apparatus 
81 , the matrix H is renewed, and the matrix K is set to a unit matrix. The renewal of the matrix H is performed in tiie 
same manner as In the first emtxxJiment, and a first correcting equation is obtained as follows. 
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(52) 



Thereafter, a received signal (a'.b'.c'.d*) for a next syndbol N+1 received In the receiving apparatus 81 is corrected to a 
first corrected signal (a'*.b'*,c",d") indicating the first corrected information signal according to an equation (53). 







''a'> 


b" 


= H 


b' 


c" 




C 









(53) 
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Thereafter, a second corrected signal (^}b}tid) indicating a second con-ected Inforniation signal is produced 
from the first corrected signal (a",b",c*'.d"). 
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(54) 



The second corrected information signal Is equivalent to a piece of reproduced digital Information, in cases where 
any high speed characteristic change in the transmission of the digital information signals from the transmitting appa- 
ratus 71 to the receiving apparatus 81 does not occur (or in cases where transmission characteristics In tiie transmitting 
30 apparatus 71 are tiie same as that in tiie receiving apparatus 81). the matrix K is a unit matrix, and an equation (55) is 
satisfied. 
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Therefore, the second corrected signal agreeing witii the transmitted signal Is otrtained. However, in cases where tiie 
mobile communication is supposed, a characteristic change occurs. The characteristic change can be expressed 
according to an equation (56) 
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Here, 6^, 6q, 6r and 6u denote errors denoting high speed components added to tiie transmitted signal (a,b,c.d), and tiie 
high speed conponents remain in the first corrected signal (a",b",c",d"). Also, 
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is set, and the matrix K is expressed as follows. 



/'KO, K1 ,0.0^ 
-K1. KO.0.0 
0 . 0 , K6 . K7 

VO . 0 . -K7. KeJ 



(58) 



Elements KO, K1. K6 and K7 are expressed acxx)rding to equations (59a) to (59d). 
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(59d) 



The matrix K is used for a next symbol N+2. In the symbol N+2, the second corrected signal (&)bifc)tl) is obtained 
as follows, and the reproduced digital information signal is generated. 
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The matrix H is expressed according to the equation (52), and the matrix K is expressed according to the equation (58). 
Thereafter, a new matrix K is determined according to the equations (57) and (58) while using the first corrected signal 
(a".b",c",d") of the equation (60). The new matrix K is used for a next symbol N+3. 

That is. the correction of the received signal (a',b*,c'.d') for the symbol N+3 is performed according to the equation 
(60), the second corrected signal ((a),<b),<c),<d)) is obtained, and the reproduced digital information signal is gener- 
ated. In this case, the matrix K determined for the symbol N+2 is used. 

For following symbols, the second corrected signal (<a>,(b>,<c>,<d)) is obtained according to the equation (60) by 
using the matrix K determined for a previous symbol, the reproduced digital information signal is generated from the 
second corrected signal, a new matrix K is calculated according to the equations (57) and (58) to use the new matrix K 
for a next symbol. 

Values a,b.c and d of the transmitted signal, values a'.b'.c' and d' of the received signal, values a".b".c" and d" of 
the first corrected signal and values (a ), (b ), (c > and <d ) of the second corrected signal used in the equations (50) to (60) 
differ from each other. 

In the above embodiment, the matrix K is renewed for each symbol according to the first con-ected signal 
(a",b",c",d") obtained from the received signal (a',b\c\d*) without renewing the matrix H until a next reference signal is 
transmitted to the receiving apparatus 81 . However, as another method for transmitting and receiving an orthogonal fre- 
quency division multiplex signal, it is applicable that the matrix K and the matrix H be combined to produce a new matrix 
H and the combination of the matrix K and the matrix H be repeated. In detail, the matrix K and the matrix H be com- 
bined to produce a new matrix H according to an equation (61). 



H = KH 



(61) 



Thereafter, a second corrected signal ( i b i fc } ti ) for a symbol N is obtained according to the new matrix H as follows. 
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(62) 



Therefore, a transmitted signal (a.b,c.d) for the symbol N is reproduced. Thereafter, a new matrix K is determined 
according to an equation (63) by using the first corrected signal (a",b".c",d") and the transmitted signal (a,b.c,d) for the 
symbol N. 









b 


= K 


b" 




c 




C 


^d; 




<d"; 



(63) 



Thereafter, the new matrix H is regarded as an old matrix H. and a new matrix H is obtained according to the equation 
(61) by using the old matrix H and the matrix K recently determined according to the equation (63). The new matrix H 
is used to obtain a second con-ected signal ((a), (b). (c).<d)) for a next symbol N+1 according to the equation (62). 

Next, a concrete processing example according to the above method for transmitting and receiving an orthogonal 
frequency division multiplex signal is described. 

As shown in Fig. 7. a symbol number is inserted into a particular carrier wave, and a reference signal (or reference 
data) which is known in the receiving apparatus 81 is inserted into each of a pair of sets of other positive and negative 
carrier waves corresponding to the synrijol number. In detail, a plurality of symbol nunrtbers 0,1 .2,~.51 1 .0,1 .2.- are gen- 
erated in that order at symbols in the symbol nunft)er counting circuit 72 on condition that the symbol numbers are gen- 
erated in the increasing order and the generation of the synnbol numbers Is circulated, and the symbol numbers are fed 
one by one to the arithmetic unit 13 and the reference signal inserting circuit 15. Each symbol number is expressed by 
9 bits. 

In this case, because an accurate reproduction of the symbol number in the receiving apparatus 81 is important, 
private reference data is prepared for the reference signal, and a multi\alued modulation in which the number of multi- 
values is lower than that in a multivalued QAM (256 QAM) used for the other can-ier waves is performed. That is, 4 bits 
composed of the nintii bit, the eighth bit, the third bit ard the second bit in the 9 bits expressing one symbol number are 
transmitted and received at 16QAM. In the receiving apparatus 81. the symbol nun^er expressed by the 4 bits is 
changed to 9 bits to reproduce the symbol number. Because the symbol number is incremented in the symbol nunt^er 
counting circuit 72. the reproduction of the symbol number can be easily performed. 

Therefore, 4 bits composed of the ninth bit the eighth bit. the third bit and the secorxJ bit in the 9 bits expressing 
one symbol number are input to the arithmetic unit 13 each time one symbol number expressed by 9 bits is output from 
the symbol number counting circuit 72, and tiie IDFT is performed for tiie 4 bits of symbol number in the arithmetic unit 
13 to transmit the 4 bits of symbol number witii a particular carrier wave (for example, a first can-ier wave). Also, when 
one symbol number expressed by the 9 bits Is received in the reference signal inserting circurt 15. one reference signal 
is generated and input to tiie arithmetic unit 1 3. and the IDFT is performed for the reference signal in the arithmetic unit 
13 to insert the reference signal in the quadrature modulating unit 21 into a set of particular positive and negative cannier 
waves, of which frequencies are symmetric to each otiier witii respect to the frequency FO (FO = 42.8 MHz) of tiie cen- 
tral carrier wave, specified by upper 7 bits of tiie symbol number among the 9 bits. In tiiis case, because lower 2 bits 
among ttie 9 bits of the symbol number are disregarded in the arithmetic unit 13, tiie selection of the set of particular 
positive and negative carrier waves in which tiie reference signal is inserted is changed every four symt)0ls. 

Also, a first type of reference signal or a second type of reference signal is generated in tiie reference signal insert- 
ing circuit 15 according to tiie lowest bit among tiie 9 bits of tiie symbol number and is inserted into one set of positive 
and negative can-ier waves. The first type of reference signal corresponds to an odd symbol number and is expressed 
according to an equation (64), and the second type of reference signal corresponds to an even symbol number and is 
expressed according to an equation (65). 
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The value X is known in the receiving apparatus 81. Tlierefore, In the second emtxxlinient, the first type of reference 
signal is inserted imo one pair of positive and negative earner waves of the frequencies +Wi and -Wi (i = 1 to 128) in the 
2{i-1)-th symbol specified by one even synnbol nunrtoer 2(i-1), the second type of reference signal is inserted into one 
pair of positive and negative carrier waves of the frequencies +Wi and -Wi in the (2i-1)-th symbol specified by one odd 
symbol number {2i-1); and the first or second type of reference signal is inserted into all sets of positive and negative 
carrier waves every 512 symbols (4*128 = 512) because the selection of the set of particular positive and negative car- 
rier waves is changed every four symbols. 

Thereafter, in the FFT circuit 82 and the QAM reproducing circuit 83 of the receiving unit 81 , second con-ected infor- 
mation signals Rc and Ic equivalent to reproduced digital information signals are obtained. That is, as shown in Fig. 10, 
the demodulated I and Q signals r and Q' output from the signal processing units 96 and 97 are fed to the FFT symbol 
number reproducing circuit 61. In the reproducing circuit 61, one symbol number is reproduced, and one reference sig- 
nal inserted into one set of positive and negative carrier waves is reproduced to produce a reproduced reference signal. 

In this embodiment, because 16QAM is performed for the 4 bits of the symbol number, the symbol number can be 
reproduced at a preferable error rate as compared with that in other transmission information, the symbol numtjer rang- 
ing from 1 to 51 1 expressed by 9 bits can be reliably reproduced, and a set of carrier waves in which one reference sig- 
nal is inserted can be reliably specified for each symbol. 

The reproduced reference signal obtained in the reproducing circuit 61 is, for example, expressed by a set of Pos', 
qos . W and uos' for a 0-th symbol (an even symbol number), a set of p-is'. qis'. ris and Uis. for a first symbol (an odd 
syrrtaol number), a set of P2s\ <\2S* ^2S and U2s' for a second symbol (an even symbol number) and a set of pss', qas'. 
r^s anci U3s' for a third symbol (an odd symbol number). 

Thereafter, a plurality of coefficients SO to S7 indicating transmission path characteristics are calculated according 
to the equations (29), (64) and (65) in the transmission path characteristic detecting circuit 62 by using the reproduced 
reference signals expressed by tiie set of pos'. qos'. ^os' and Uqs for the 0-tii symbol and the set of pis'. qis'. ^is' and 
Ui s' for the first symtx)l. 

50 = (Pos* + q isM2X), S4 = (ros' + u isWX) (66a) 

51 - (q os' ■ P is' V(2X). S5 = (u OS* - r ^sMSX) 

52 - (Pos* - q is^/(2X), 86 = (ros* " " is' V(2X) 

53 = (qos + PisMSX), S7 = (Uqs + r ^sWX) 

Also, a plurality of coefficients SO to S7 are calculated in the same manner in tiie ft-ansmission path characteristic 
detecting circuit 62 by using the reproduced reference signals expressed by the set of P2s'. q2s' . ^2S and U2s for the 
second symbol and the set of pgs', qss*. ^^s and U^s for the third symbol. 

50 = (P2s' + q3s')/{2X). S4 (rgs' + U3s')/(2X) (66b) 

51 = (q2s' - P3s')/(2X), S5 = {u^s ' r^sHm 

52 = (p - q 3s')/(2X). S6 = (r 2s' - u )/(2X) 

53 = (q2s* -I- P3s'V{2X). S7 = (u^s + r3s')/(2X) 

Thereafter, average values of the coefficients SO to S7 are obtained from first values of tiie coefficients SO to S7 in 
the equation (66a) and second values of the coefficients SO to S7 in the equation (66b), and the average coefficients 
SO to S7 are output from the transmission path characteristic detecting circuit 62 to the first correcting equation deriving 
and storing unit 64 as a transmission path characteristic for one set of particular positive and negative carrier waves in 
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each of four syrrtools. Also, the symbol number is fed from the circuit 62 to the circuit 64. 

Because there are eight coefficients SO to S7. the coefficients SO to S7 can be obtained when two types of refer- 
ence signals are transmitted and received. In this case, because the two types of reference signals are known in the 
receiving apparatus 81. any types of reference signals can be used on condition that the coefficients SO to S7 are 
obtained. 

The derivation of a first correcting equation is performed in the circuit 64 in the same manner as in the first embod- 
iment That is, the determinant detA and the coefficients HO to H7 are calculated, a first con-ecting equation expressed 
according to the equation (35) is calculated according to the determinant detA and the coefficients HO to H7. and the 
first correcting equation is stored. In this embodiment, because 257 carrier waves are used, about 128 first correcting 
equations are calculated one after anotiier and are renewed as time is elapsed. Because one first correcting equation 
is calculated from the average coeff idents SO to S7 obtained by averaging each of the coefficients SO to S7 correspond- 
ing to four sets of positive and negative carrier waves having tfie same frequencies in four symbols, the renewal of each 
first correcting equation corresponding to one set of positive and negative earner waves is performed every 512 sym- 
bols 

(4 symbols * 128 sets = 512 symbols). 

It is prefen-ed tfiat the first correcting equation expressed according to the equation (35) be directiy caloilated from 
the equation (29) after the detection of tiie transmission path characteristics without calculating any inv^-se mati-ix. 

Thereafter, the reproduced digital information signals R' and r obtained in the reproducing circuit 61 are fed to the 
first correcting circuit 63. and a correcting calculation is performed for tiie reproduced digital irrformation signals R* and 
r according to an equation (67) by using tiie first cwrecting equation stored in the storing circuit 64 in the same manner 
as in the first embodiment, and first connected transmission information R" and 1" are output. 







^HO, H1.H2, H3^ 




'^1 


b" 


1 


-HI. HO, H3.-H2 




b' 


c" 


""detA 


H4. H5, H6. H7 




c' 






^H5,-H4.-H7, H6; 







(67) 



Here, a' denotes a real part of the reproduced digital information signal carried by tiie positive carrier wave, b* denotes 
an imaginary part of the reproduced digital information signal carried by the positive carrier wave, c' denotes a real part 
of the reproduced digital information signal carried by the negative can-ier wave, d' denotes an imaginary part of the 
reproduced digital information signal carried by the negative carrier wave, a" denotes a real part of ttie first corrected 
transmission information can-led by tiie positive carrier wave, b" denotes an imaginary part of the first corrected trans- 
mission information canied by the positive carrier wave, c" denotes a real part of the first con-ected ti-ansmission infor- 
mation carried by the negative carrier wave, and d" denotes an imaginary part of the first corrected transmission 
information earned by the negative carrier wave. 

Therefore, the reproduced digital information signals H\a\c") and r(b'.d') are corrected to the first corrected trans- 
mission information R"(a",c") and l"(b".d") in the first conecting circuit 63. Thereafter, tiie first corrected ti-ansmission 
informatfon R"(a".c") and l"(b".d") are fed to a second correcting equation deriving and storing circuit 65 and a second 
conecting circuit 66. and the symbol number is fed from tiie first correcting equation deriving and storing circuit 64 to 
the second conecting equation deriving and storing circuit 65. 

In tiie second correcting circuit 66. tiie first corrected ti-ansmission information R"(a",c") and r(b",6") are corrected 
to second corrected transmission information Rc( i t ) and lc( b i d ) according to an equation (68) 



^<a> 






(b) 


= K 


b" 


<c) 


C" 


^{6> 




<6V 



(68) 



Here, tiie mati-ix K is a unit mati-ix for a next symbol after the reception of the reference signal. Also, the matrix K deter- 
mined in a previous symbol is used for each of other symbols. Thereafter, the second corrected transmission signal 
Rc((a>,(c>) and lc((b),<d)) are output from tiie outputting circuit 45 as the reproduced digital information signals 
(a.b.c.d). 
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Also, in the second correcting equation deriving and storing circuit 65, a matrix K is newly generated according to 
the equations (58) and (59a) to (59d) by using the symbol number input from the storing circuit 64, the first corrected 
transmission Information R"(a",c") and r'{b".d") input from the first correcting circuit 63 and the second corrected trans- 
mission signal Rc((a>,<c)) and lc((b>,(d>) which are treated as the reproduced digital information signals (a,b.c,d) and 
are input from the second correcting circuit 66. and the matrix K is stored as a second correcting equation. The matrix 
K is generated for each reproduced carrier wave and is used for a next symbol. 

Therefore, the reproduced digital information signals are conrected according to the first correcting equation in the 
first connecting circuit 63 to remove en-ors and characteristics which gradually change with time and temperature from 
the reproduced digital information signals, and tiie correction of the reproduced digital information signals is correctly 
performed because the known reference signal is used. Also, tiie second con-ected transmission information are cor- 
rected according to the second correcting equation in tiie second con-ecting circuit 66 to remove transmission charac- 
teristics changing witii a high speed such as a mufti-path circumstances occun-ing in the mobile communication or the 
like from ttie second con-ected transmission information. Accordingly, tiie reproduced digital information signals R(a.c) 
and l(c,d) optimized for each symbol can be output from the receiving apparatus 81 . 

Next, the con-ecting method using the second conecting equation is described by using specified values. The 
description relating to tiie matrix H is simplified, and the operation relating to the matrix K is described in detail. Also, 
because the matrix H corresponding to one set of positive and negative carrier waves is corrected, tiie mat-ix K is 
expressed in correspondence to one set of positive and negative canier waves in the above description. However, 
because tiie matrix K is independent on the positive and negative carrier waves, the operation relating to tiie matrix K 
corresponding to tiie positive or negative cannier wave is described. 

A value set (real part, imaginary part) = (7.5, 7.5) of a prescribed reference signal for a symbol N is initially trans- 
mitted, and a reproduced reference signal (6.25, 6.25) is received in the receiving apparatus 81 . In this case, the matrix 
H is expressed in brief according to an equation (69). 

^ /7.5/6.25,0\ /1.2,a\ 

" = (0.7.5/6.25) Ho. 1.2) (69) 

That is, any enor is not Included in a transmitting system, any phase characteristic does not change, and an amplitude 
characteristic indicates a condition of 6.25/7.5 times. 

In a first correcting step according to the first con-ecting equation, the reproduced digital information signal is cor- 
rected by using the above mafrix H. and the matrix H is not renewed until another reproduced reference signal is fed to 
the detecting circuit 62. The mafrix H formulated in tiie equation (69) is tiie first correcting equation stored in the storing 
circuit 64, In ttiis case, the matrix K is set to a unit mati-ix and is stored as the second correcting equation in the storing 
circuit 65. 



C:5 



(70) 



Thereafter, when a received signal (a'.b*) = (6.10,5.30) of ttie reproduced digital information signals R'(a') and l^b*) for 
a next symbol N+1 is generated in the reproducing drcurt 61 . a first corrected signal (a",b") is generated in the first cor- 
recting circuit 63 according to an equation (71a). 



Thereafter, tiie first corrected signal (a",b") is corrected in tiie second correcting circuit 66 by using tiie matrix K stored 
in the storing drcuit 65 as the second correcting equation, and a second corrected ti-ansmission signal Rc(<a),(b)) is 
obtained according to an equation (71b). 



Thereafter, a signal arrangement shown in Fig. 1 5 in which a plurality of signal positions allowed for the plurality of infor- 
mation signals are arranged is searched, and a particular signal position (7.5, 6.5) nearest to the received signal 
( (a ), (b )) = (7.32, 6.36) is obtained. Therefore, it is judged that the received signal ( <a ), <b )) is obtained from a transmit- 
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ted signal (a,b) = (7.5, 6.5) indicated by the particular signal position, and reproduced digital information signals (Rc.lc) 
= (7,6) are output from the output circuit 45. Here, a value 0.5 is a bias value added to the transmitted signal to simplify 
the QAM reproduction performed in the QAM reproducing circuit 83, and this adding technique is well-known. 

Finally, a matrix K is newly generated according to the equations (58). (59a) and (59b) in the second correcting 
equation deriving and storing circuit 65, and the matrix K Is stored in the storing unit 65 as a second correcting equation 
for a next symbol N+2. This newly generated matrix K is expressed as follows by using (a.b) = (7.5, 6.5) and (a",b") = 
(7.32. 6.36). 

^ rl.02348.0.00128^ 

^-0.00128. 1.02348^ ^ ^ 



This matrix K indicates a change of anrplitude and phase characteristics occumng in the transmission path from a 
transmission time for the symbol N to another transmission time for the symbol N+1 . 

Thereafter, when a received signal (a'.b*) = (5.80, 2.10) of the reproduced digital information signals R^a*) and {'(b*) 
for a next symbol N+2 is generated in the reproducing circuit 61 . a first con-ected signal (a",bT is generated in the first 
correcting circuit 63 according to an equation (73). 



Thereafter, the first conrected signal (a",b") is corrected in the second correcting circuit 66 by using the matrix K stored 
in the storing drcuit 65 as the second correcting equation, and a second corrected transmission signal Rc(feib) is 
obtained according to an equation (74). 

/(ah ^ /a"\ /1.02348 . 0.001 28\/6.96\ /7.1266\ 

M b y " U.00128, 1 .02348^ V2.52>' " >^2.5702>' ^ 



Thereafter, the signal arrangement shown in Fig. 15 is searched, and a particular signal position (7.5. 2,5) is obtained 
from the received signal ( (a >, (b )) = (7. 1 266, 2.5702). Therefore, it is judged that the received signal ( <a ), (b )) is obtained 
from a transmitted signal (a.b) =: (7.5, 2.5) indicated by the particular signal position, and reproduced digital information 
signals (Rc.lc) = (7.2) are output from the output circuit 45. Assuming tiiat any second correcting step accorcling to the 
second correcting equation is not performed, it is judged that the received signal (a\b') is obtained from a transmitted 
signal (a.b) = (6.5. 2.5). and reproduced digital information signals (Rc.lc) = (6,2) are output from the output circuit 45. 
Accordingly, the reproduced digital information signals can be reliably obtained in the second embodiment. 

Finally, a matrix K is newly generated according to tiie equations (58) and (59a) to (59d) in the second correcting 
equation deriving and storing circuit 65, and the matrix K is stored in the storing unit 65 as a second correcting equation 
for a next symbol N+3. This newly generated matrix K is expressed as follows by using (a,b) = (7.5. 2.5) and (a",b") = 
(6.96, 2.52). 

^-0.02738. 1.06767>' ^ ^ 



This matrix K indicates a change of amplitude and phase characteristics occurring in tiie transmission path from a 
transmission time for the symbol N to another transmission time for the symbol N+2. 
Next, modifications of the second embodiment are desaibed. 

(First nradification) 

It Is not required to limit the number of sets of positive and negative carrier waves into which one reference signal 
is inserted to one, and it is applicable tiiat one reference signal be inserted into several sets of positive and negative 
canrier waves. In the second embodiment, one reference signal is allocated to a plurality of carrier waves having tiie 
same frequency among a plurality of symbols, values of each of tiie coefficients SO to S7 are averaged to detect a trans- 
mission system in which a Gause noise is removed, and tiie first con-ecting equation is used. 

Also, the Gause noise can be removed by averaging a plurality of second con-ecting equations. In tiie first modifi- 
cation, a metiiod for averaging matrices K for 5 symbols is described. This method is performed in tiie second correct- 
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ing equation deriving and storing circuit 65. 

A reference signal is transmitted, and a reproduced reference signal is received. In ttiis case, a matrix K for an m- 
th (m=1 ,2,--,5) symbol among 5 syml)ols is expressed by a matrix Km, and the matrix K„ is formulated as Ibllows. 



Initial values K0i=1, K02=1. K03=1. K04=1, K05=1, K1i=0. Klg^O, Kl3=0. K14=0 and Klg^O are set Also, 

KO = (KOi + KO2 + KO3 + KO4 + KOsVS (77) 
K1 = (K1 ^ + K1 2 + K1 3 + K1 4 + K1 5)/5 

are set. In this case, a matrix K averaged for 5 symbols is expressed as follows. 

K = (Ki + K2 + K3+K4 + K5)/5 (78) 
" v-KI.KCV 

When a received signal for a symbol N-1 is generated in the reproducing circuit 61. a second corrected transmission 
signal for the symbol N-1 is calculated, and a matrix for a sywho\ N is calculated according to the equations (58) and 
(59a) to (59d). In this case, a matrix Kg for a symbol N-1. a matrix Kg for a symbol N-2. a matrix K4 for a symbol N-3 
and a matrix K5 for a symbol N-4 have been already calculated. Thereafter, an averaged matrix K for the symbol N is 
calculated according to the equations (77) and (78) as a second correcting equation. Therefore, the averaged matrix K 
can be repeatedly obtained while increasing the number N. 

(Second Modification) 

In cases where a degree of a high speed change of amplitude and phase characteristics occurring in the transmis- 
sion path exceeds an upper limit of a change that the first corrected signal can be corrected according to the second 
correcting equation, or in cases where a signal-to-noise (S/N) ratio is extremely degraded, there is a case that the first 
corrected signal is inversely corrected for the worse. In cases where the first corrected signal is corrected by the aver- 
aged matrix K according to the first modification, a degree of the inverse correction of the first corrected signal is lessen. 
However, in cases where the high speed change exceeding the upper limit continuously occurs, the inverse correction 
of the first corrected signal Is inevitably performed. 

To avoid the inverse con-ection of the first con-ected signal, when the matrix K is calculated according to the equa- 
tions (58), (59a) to (59d) and (68), a difference between each of elements a. b, c and d of the transmitted signal and 
each of elements a", b". c" and d" of the first corrected signal is detected as an error signal, in cases where one of the 
error signals exceeds an upper limit or a lower limit, elements of the matrix K are set to prescribed values. For example, 
in cases where one error signal is higher than 0.4 or is lower than -0.4, the error signal Is set to 0.4 or -0.4, and the 
matrix K is calculated. This operation is performed in the second correcting equation deriving and storing circuit 65. 

(Third Modification) 

In cases where the S/N ratio is extremely degraded, there is a case that the first connected signal is inversely cor- 
rected for the worse. In cases where the first corrected signal is corrected by the averaged matrix K according to the 
first modification, a degree of the inverse correction of the first corrected signal is lessen. However, in cases where the 
high speed change exceeding the upper limit continuously occurs, the inverse conection of the first corrected signal is 
inevitably performed. 

To avoid the inverse correction of the first corrected signal, when the matrix K is calculated according to the equa- 
tions (58), (59a) to (59d) and (68), a difference between each of elements a, b. c and d of the transmitted signal and 
each of elements a", b", c" and d" of the first corrected signal is detected as an enor signal, and each of the error signals 
is weighted by a prescribed value. That is, in cases where an error signal corresponding to one element of the transmit- 
ted signal and one element of the first corrected signal is detected for each of the calculation of the matrix K. the error 
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signals are distributed according to a normal distribution because of tlie influence of the Gause noise. Therefore, in 
cases where one en-or signal Is placed near to a central value in the normal distribution, the error signal is multiplied by 
a weighting factor having a high value. In contrast in cases where one en-or signal Is placed far from the central value, 
the en-or signal Is multiplied by a weighting factor having a low value. 

5 As a simple example, in cases where a matrix K averaged for 2 symbols is calculated according to the first modifi- 
cation, a table of weighting factors is prepared. In the table, a weighting factor is set to 5 for an absolute value of the 
error signal which is equal to or lower than 0.1, a weighting factor is set to 4 for an absolute value of the en-or signal 
which is higher than 0.1 and is equal to or lower than 0.2, a weighting factor is set to 3 for an absolute value of the error 
signal which is higher than 0.2 and is equal to or lower than 0.3, a weighting factor is set to 2 for an absolute value of 

w the error signal which is higher than 0.3 and is equal to or lower than 0.4, and a weighting factor is set to 1 for an abso- 
lute value of the error signal which is higher than 0.4 and is equal to or lower than 0.5. Thereafter, each of two en-or 
signals for 2 symbols is weighted by a weighting factor, a signal sum of two weighted error signals is calculated, an aver- 
aged en-or signal Is calculated by dividing the signal sum by a sum of the two weighting factors. 

For exannple. in cases where a first en-or signal is 0.15 and a second en-or signal is 0.4. an averaged ent>r signal of 

IS 0.21 (= (0. 1 5*4 + 0.45*1)7(4+1 )) is obtained. Assuming that any weighting operation is not performed, an averaged en-or 
signal of 0.3 (= (0.15 + 0.45)/2) is obtained. This weighting operation rs performed in the second correcting equaton 
deriving and storing circuit 65. 

(Fourth Modification) 

20 

In cases where a degree of a high speed change of amplitude and phase characteristics occurring in the transmis- 
sion path exceeds an upper limit of a change that the first corrected signal can t>e corrected according to the second 
correcting equation, or in cases where a signal-to-noise (S/N) ratio is extremely degreed, there is a case that the first 
corrected signal is inversely corrected for the worse. In cases where the first corrected signal is corrected by the aver- 

25 aged matrix K according to the first modification, a degree of the inverse correction of the first con-ected signal is lessen. 
However, in cases where the high speed change exceeding the upper limit continuously occurs, the inverse correction 
of the first corrected signal is inevitably performed. 

To avoid the inverse correction of the first corrected signal, the high speed change exceeding the upper limit is 
detected as an error in an en-or correcting circuit (not shown), and the second correcting equation is not renewed in 

30 cases where the error is detected, and a unit matrix is used as a renewed matrix K. In this case, a plurality of matrices 
K including the unit matrix are averaged according to the first modification to lessen an adverse influence of the high 
speed change exceeding the upper limit. 

(Fifth ModHication) ' 

35 

When the matrix K is calculated according to the equations (58), (59a) to (59d) and (68). an upper limit and a lower 
limit are set for each en-or signal arranged at <p > to <u > (real part). In cases where the ananging point of the en-or signal 
exceeds the upper limit or the lower limit, the matrix K is set to a unit matrix. 

In a simple exanrple, in cases where a value of a real part or an imaginary part of the error signal or a sum of values 

40 of the real and imaginary parts is higher than the upper limit or is lower than the lower limit, the matrix K is set to a unit 
matrix. For example, in cases where one error signal is arranged on condition that an absolute value of the real part or 
the imaginary part is equal to or more than 8 or an absolute value of a sum of the real and Imaginary parts is equal to 
or more than 6, the error signal is not used, and a unit matrix is used as a renewed matrix K. As shown in Fig. 1 1 , in 
cases where the en-or signal Is placed at one of black circles, the error signal is used to renew the matrix K. In contrast, 

45 in cases where the error signal is placed at one of white circles, the error signal is not used to renew the matrix K. 

In particular, in cases where a degree of a high speed change of amplitude and phase diaracteristics occurring in 
the transmission path exceeds an upper limit of a change that the first corrected signal can be corrected according to 
the second correcting equation, there is a case that the first con-ected signal is inversely corrected for the worse. In 
cases where the first corrected signal is corrected by the averaged matrix K according to the first modification, a degree 

so of the inverse con-ection of the first corrected signal is lessen. However, in cases where the high speed change exceed- 
ing the upper limit continuously occurs, the inverse con-ection of the first corrected signal is inevitably performed. 
Because the high speed change influences on the error signal an-anged on an outer side far from a central point, an 
error caused by the high speed change occurs at a high probability when the error signal is an-anged on the outer side. 
Therefore, the error signal arranged on an inner side is only used to renew the matrix K, 

55 

(Sixth Modification) 

In the above modifications, an averaging operation is performed along a time-axis for the matrix H. the matrix K or 
a combined matrix of the matrix H and the matrix K. However, in this modification, an averaging operation performed 
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along a frequency-axis is described. 

The carrier waves of the OFDM signal are set adjacent to each other, and a pair of carrier waves adjacent to each 
other have similar characteristics. That is, in cases where coefficients of each nnatrix are arranged in frequency order, 
the coefficients are arranged in a several-order curve shape. Also, the curve changes with another curve, and any high 

£ frequency component more than a prescribed value does not exist In the coefficients. In cases where a large changing 
point exists in the curve, the large changing point indicates that inappropriate correcting coefficients are calculated 
because the S/N ratio is degraded or the averaging operation along the time-axis is not sufficientiy performed. 

Therefore, in this modification, coefficients of a confibined matrix of tiie matrix H and the matrix K are calculated, 
and a series of the coefficients arranged in a frequency order passes through a low pass fitter to renrxjve a high fre- 

10 quency component from the coefficients. This digital filtering processing can be easily performed in the first or second 
correcting equation deriving and storing circuit 64 or 65. This filtering is not limited to an one<limensional filtering per- 
formed along the frequency-axis, and it is applicable that the filtering be performed in a two-dimensional filter to filter 
the coefficients along tiie frequency-axis and the time-axis. 

The two-dimensional filter for filtering tiie coefficients along the frequency-axis and the time-axis is described in 

15 brief. 

A plurality of matrices H are averaged by transmitting and receiving reference signals for a plurality of symbols. 
Also, a plurality of matrices K are averaged for a plurality of symbols. Therefore, tiie matrices H and tiie matrices K are 
respectively averaged along tiie time-axis. Also, a matrix E is generated according to an equation (79). 

^ E = KH (79) 



25 



In the coefficients of tiie matrix E, a coefficient of a particular carrier wave and a plurality of coefficients of other 
carrier waves (for example. ±10 carrier waves) neighboring the particular carrier are averaged. Each of all carrier waves 
is set as ttie particular carrier wave, and tiie averaging operation is performed for all carrier waves. Therefore, the matri- 
ces E are averaged along tiie frequency-axis, and a correcting calculation is performed as follows. 
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(80) 



35 In the second embodiment, tiie first correcting step using tiie matrix H and the second connecting step using tiie 
matrix K are separately performed. However, in this modification, tiie matrix H and tiie matrix K are calculated in the 
same manner, and a correcting operation is performed according to the equation (80) by using tiie matrix E. 

(Another Modification) 

40 

A set of a central carrier wave and two carrier waves adjacent to the central cannier wave is repeatedly formed by 
selecting tiiree carrier waves from all can-ier waves, one reference signal is inserted into the central carrier wave of each 
set, a con-ecting equation for the central carrier wave is derived, and each of two received signals corresponding to the 
can-ier waves adjacent to the central carrier wave is corrected by using tiie con'ecting equation for the central carrier 

45 wave. Therefore, a volume of calculation is reduced, a coming period of the reference signal is shortened, tiie tiansmit- 
ting apparatus 71 and the receiving apparatus 81 can be manufactured at a low cost, and the digital information signals 
can be processed at a high speed. 

Next, a tiiird embodiment of the present invention is desaibed. In the first and second embodiments and the mod- 
ifications, one known reference signal is inserted into one set of positive and negative carrier waves symmetric to each 

so otiier witii respect to the central carrier wave of tiie OFDM signal. However, in the tiiird embodiment, the reference sig- 
nal is transmitted and received without limiting tiie reference signal to one set of positive and negative carrier waves, 
and the second correcting equation according to the second embodiment is used. Therefore, an OFDM signal correc- 
tion can performed even though the OFDM signal is transmitted in the mobile communication or in the multi-path cir- 
cumstance. Also, in the first to third embodiments, the symlx)l number is used. In this case, a signal condition of the 

55 symbol number in transmission is not limited on condition tiiat the symbol number is recognized in the receiving appa- 
ratus 31 or 81 . For example, it is applicable that the symbol number be transmitted by using a synchronizing symbol or 
a transmission parameter. 

In the third embodiment, the OFDM signal is transmitted'from a transmitting apparatus having the same configura- 
tion as the orthogonal frequency division multiplex signal transmitting apparatus 1 1. In tiiis case, a reference signal is 
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transmitted with one earner wave of the OFDM signal. Also, In a receiving apparatus, a particular carrier wave modu- 
lated by a known reference signal is designated according to a symbol number, particular parameter information or syn- 
chronizing symbol infbrnnation transmitted with a prescribed can-ier wave, the particular cannier wave is cyclically altered 
for each prescribed period, and the particular can-ier waves are transmitted one after another. 
5 In this case, a digital information signal expressed by a complex number (p + jq) allocated to one earner wave of a 
frequency +Wn is transformed into an I signal and a Q signal expressed according to the equations (1) and (2) in the 
arithmetic unit 13. the I and Q signals are transformed into an OFDM signal in the quadrature nrKxiulating unit 21 . and 
the I and Q signals indicating the digital information signals is transmitted by the can-ier wave of the frequency -i-Wn in 
the OFDM signal. 

10 Thereafter, as shown in Fig. 12. the I and Q signals transmit through a transmission system circuit 101 con'espond- 
ing to a group of the frequency converting unit 23. the transmitting unit 24 and characteristics of the spatial transmission 
path. In the transmission system circuit 101, an annplitude of the I and Q signals is changed by Y, and a phase of the I 
and Q signals is changed by d to generate an 1' signal and a Q* signal. The T and Q' signals are received by an orthog- 
onal frequency division noultiplex signal receiving apparatus 102 shown in Rg. 13. In the receiving apparatus 1 02. a fast 

IS Fourier transformation (FFT) circuit 1 03 and a quadrature anrplitude modulation (QAM) reproducing circuit 1 04 are pro- 
vided. 

Thereafter, a discrete Fourier transformation (OFT) is performed for the T and Q' signals in the FFT drcuit 103 of 
the receiving apparatus 102. and the T and Q' signals are expressed as a complex number. 

A'expj(+Wn*t+aO = Aexpj(+Wn*t+a)*(Yexpjd) (81) 

Here. A=a/(p'^ +q*^) and a=tan'\qyp') are satisfied. Also, a complex number p' + jq' indicates a received signal. 
When coefficients SO and SI indicating transmission characteristics in the transmission path are used, the equation 
25 (81) can be rewritten to an equation (82). 
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Here, a complex number p + jq indicates a transmitted signal. 

In this embodiment, to heighten a response speed for characteristics (multi-path circumstance characteristics) 
changing at high speed, the annplitude change Y and the phase change d occurring in the transmission system circuit 
101 is rewritten to M*Y and d+d1. Therefore, the equation (81) can be rewritten to an equation (83). 

A'expj(+Wn*t+a') = Aexpj(+Wn*t+a)*(Yexpid)*(Mexpjd1) (83) 

When Mexpjdl = VI + jV2 is used, an equation 

P' + jq' = (P + jq)(SO + jS1)(V1 + jV2) 

is satisfied, and the received signal (p\ q') is expressed as follows. 



0 



= SV 



Here, the matrix S indicates the transmission characteristics, and the matrix V indicates high speed changing charac- 
teristics. 

Therefore, as is realized by comparing the equation (82) and the equation (84), a first con-ecting equation indicated 
by the matrix S for the reference signal is not changed, and a second correcting equation independent of the first cor- 
recting equation can be extracted as the matrix V. Also, though the equation (84) is applied to the reference signal, the 
equation (84) can be also applied to a normal information signal transmitted from the transmitting apparatus to the 
receiving apparatus 102. That is, the equation (84) can be rewritten to an equation (85). 
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The matrix S and the inverse matrix S'"" = H can be obtained according to a conventional method. Also, the matrix K = 
V^^ Is expressed as foltcws. 

r /A/i 2 . wo 2, i/o/A/. 2 . wo 2. 



^ ^ f V1/(V1 %V2 2), V2/(V1 %V2 ^ggj 



IS Because the matrix K is renewed for each symbol and for each frequency, assuming that the nratrix K is compli- 

cated, the matrix K cannot be used because of a large volume of calculation. However, because the matrix K is a matrix 
of 2 rows and 2 columns, a volume of calculation is not increased so much, so that the matrix K can be used. 

The matrix H Is renewed for each reference signal coming to the receiving apparatus 102. When the matrix H is 
renewed, the matrix K is treated as a unit matrix. Thereafter, a first corrected information signal is obtained by correcting 

20 the received signal (that is, a modulated digital information signal received in the receiving apparatus 102) by using the 
matrix H, high speed changing components in the amplitude and phase of the received signal are detected for each 
symbol by calculating a difference between a position of the first con-ected information signal and a position of a desired 
signal for each symbol, and the matrix K is renewed for each frequency and for each symbol according to the high 
speed changing components in the amplitude and phase of the received signal. Each matrix K renewed is used for a 

2S next symbol. 

Therefore, because the high speed changing characteristics (or multi-path circumstance characteristics) are cor- 
rected according to the same method as in the second embodiment in which the second connecting equation is used, 
the description of the correction for the high speed changing characteristics performed for each symbol is omitted. How- 
ever, tiie difference from the second embodiment is that the matrix H and the matrix K are respectively a matrix of 2 
30 rows and 2 columns. Also, elements of the matrix K are expressed by using the coefficients KO and K1 defined accord- 
ing to the equations (59a) and (59b). 

In the third embodiment, a symbol number is inserted into a first carrier wave by tiie symbol number counting circuit 
1 4. and reference data used only to correct the symbol number inserted into the first carrier wave is inserted into an m1- 
th carrier wave as a reference signal by the reference signal inserting circuit 1 5. The symbol number is inserted for each 
35 symbol period while cyclically increasing the symljol number. That is. the symbol numbers 0.1.2,3.~,511,0,1,2," are 
counted and output. Each symtjol number is expressed by 9 bits. 4 bits composed of tiie ninth bit. the eighth bit, the 
third bit and the second bit among the 9 bits are modulated in tiie QAM, and the 4 bits of each symtwl number are trans- 
mitted with a prescribed carrier wave. 

In the reference signal inserting circuit 15. a reference signal is generated according to upper 8 bits among tiie 9 
40 bits of the symbol number. Because the lowest bit of the symbol number is disregarded, a frequency of one earner wave 
of a particular symbol into which the reference signal is inserted is the same as that of another carrier wave of another 
symbol placed just before the particular symbol. That is. the reference signal is inserted into two carier waves having 
the same frequency in two symbols adjacent to each other. 

The reference signal (p,q) is expressed according to an equation (87). 

45 

0-0 



50 Here, values X and Y of the reference signal are known in the receiving apparatus 102. 

The r and Q' signals output from the transmission system circuit 101 are received in the FFT circuit 103 and tiie 
QAM reproducing circuit 104 of the receiving apparatus 102. Fig. 14 is a block diagram of the FFT circuit 103 and the 
QAM reproducing circuit 104. 

As shown in Fig. 14, the r and Q signals are fed to the FFT symbol number reproducing circuit 61. the symbol 
55 number is reproduced, and values of a reproduced reference signal inserted into a set of positive and negative carrier 
waves corresponding to the symbol number are obtained. 

In this embodiment, because 1 6 QAM is performed for tiie 4 bits of the symbol number, the symbol number can be 
reproduced at a preferable error rate as compared with that in other transmission information, tfie symbol number rang- 
ing from 1 to 51 1 expressed by 9 bits can be reliably reproduced, and a set of carrier waves in which one reference sig- 
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nal is inserted can be reliably specified for each symbol. The values of the reproduced reference signal obtained in the 
reproducing circuit 61 is expressed by pos' and Qos' for a 0-th symbol (an even symbol number) and p^s' and q1 S' for a 
first symbo\ (an odd symbol number). 

Thereafter, in a correction processing circuit 67. the coefficients SO and S1 indicating the transmission character- 
istics for the O-th symbol are calculated from the equation (82) as follows. 

SO = (X*Pos' + Y*qosy{X'+Y') 

S1=(X*qos^-Y*Pos')/(X'-Y') 

Also, the coefficients SO and SI for the first symbol are calculated from the equation (82) as follows. 

SO^CX^p^s' + Y^qisyCX^+Y') 

S1=(X*q,s'"Y*p,s')/(x'-Y') 

Thereafter, each of the coefficients SO and S1 is averaged, and a white noise is removed. In this embodiment, an aver- 
age between 2 symbols is obtained. 

Because two coeffidents SO and S1 are used, the coefficients SO and S1 can be obtained by transmitting and 
receiving one type of reference signal. In this case, because the reference signal is known in the receiving apparatus 
102, any type of reference signal is applicable on condition that the coefficients are obtained. 

After the coefficients SO and SI indicating the transmission characteristics are detected in the correction process- 
ing circuit 67, an average correcting equation (or a first correcting equation) for the corresponding carrier wave is 
derived according to an equation (88) by using the coefficients SO and SI and the symbol number, and the first con-ect- 
ing equation is stored in the circuit 67. 

^HO. H1 



1 /HO. Hn 
detALHi^HO^ 



Here, HO=:SO, HI =S1 . detA = SO^ + Sl^ are satisfied. 

The first correcting equation is derived for each carrier wave. Because there are 257 carrier waves are used, about 
256 first con-ecting equations are generated one after another, and the first correcting equations are renewed as time 
is elapsed. That is, because one first correcting equation is derived by averaging the coefficients SO and SI for 2 sym- 
bols and for the same carrier wave, a renewing interval of one first correcting equation for the same carrier wave is 51 2 
symbols (2 symbols * 256 = 512). 

In this embodiment, the coefficients SO and SI indicating the transmission characteristics are calculated to derive 
the first correcting equation. However, it is applicable tiiat the first correcting equation be directiy derived from an equa- 
tion (89a) without calculating the coefficients SO and SI . 



Thereafter, reproduced digital information signals R* and 1' equivalent to the received signal (a'.b} generated in tiie 
FFT symbol number reproducing circuit 61 are corrected in a first correcting circuit 68 according to an equation (89b) 
by using the first correcting equation stored in tiie correction processing circuit 67. and a first corrected signal (a",b") is 
output. 



In this case, because the coefficients SO and SI are changed every 512 symbols, the first correcting equation is also 
changed every 512 symbols. The correction using the first correcting equation is conventionally known, and the trans- 
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mission characteristics gradually changing with time and tenperature in the transmission path can be connected. 

Thereafter, in the second conrecting circuit 66. a second corrected signal (<a).<b>) is generated accorcling to an 
equation (90) by using the matrix K. The matrix K is a unit matrix for a next symbol succeeding to a current symbol, in 
which the reference signal is transmitted arxl received, in the same manner as in the second embodiment. Also, the 
matrix K determined in a symbol just iDefore a current symbol is used for each of other symbols. 



Thereafter, the second connected signal (<a), <b>) is output to the outputting circuit 45 as a plurality of reproduced digital 
information signals Rc and Ic. 

Also, the first corrected signal (a*, b*) generated in the first correcting circuit 68 according to the equation (8^), the 
symbol number output from the correction processing circuit 67 and the reproduced digital information signals Rc=a 
and lc=b obtained in the second correcting circuit 66 are fed to the second correcting equation deriving and storing cir- 
cuit 65. and a new matrix K is generated according to an equation (91) and Is stored in the drcuft 65. 



Here, the coefficient KO is expressed by the equation (59a), and the coefficient K1 is expressed by the equation (59b). 

The matrix K of the equation (91 ) corresponds to a high speed changing component of the transmission character- 
istics based on a difference between a position of the reproduced data p and q and a position of a desired signal. 

Accordingly, because the first corrected signal which is corrected according to the first correcting equation is again 
corrected according to the second connecting equation con-esponding to the high speed changing characteristics in the 
same manner as in the second embodiment, the high speed changing characteristics such as a multi-path circum- 
stance occurring in the mobile communication are conceded, and appropriate reproduced digital information signals 
can be obtained for each symbol. 

Next the con-ecting method using the second con-ecting equation is described by using specified values. The 
desaiption relating to the matrix H is simplrf led. and the operation relating to the matrix K is described in detail. 

A value set (real part, imaginary part) := (7.5, 7.5) of a prescribed reference signal for a symbol N is initially trans- 
mitted in tiie same manner as in tiie second embodiment, and a reproduced reference signal (6.25, 6.25) is received in 
the receiving apparatus 102. In this case, tiie matrix H does not include any en-or in a transmitting system, any phase 
characteristic does not change, and an amplitude characteristic In the matrix H indicates a condition of 6.25 /7.5 times 
as shown in tiie equation (69). 

In a first connecting step according to the first correcting equation, tiie reproduced digital information signal is cor- 
rected by using the above matrix H. and the matrix H is not renewed until another reproduced reference signal is fed to 
the correction processing circuit 67. The mab-ix H formulated in tiie equation (69) is the first correcting equation stored 
in tiie con-ection processing circuit 67. In this case, the matrix K is set to a unit matrix formulated in tiie equation (70) 
and is stored as the second con-ecting equation in the storing circuit 65. 

Thereafter, when a received signal (a'.b) = (6.10,5.30) of the reproduced digital information signals R'(a') and r(b') 
for a next symbol N+1 is generated In the reproducing circuit 61, a second corrected transmission signal Rc(feib) = 
(7.32, 6.36) is obtained as is described in tiie second embodiment. 

Therefore, tiie second con-ecting circuit 66 judges tiiat tiie received signal (a\b') is obtained from a transmitted signal 
{a.b) = (7.5, 6.5). and reproduced digital information signals (Rc,lc) =: (7,6) are output from tiie output circuit 45. Here, 
a value 0.5 is a bias value added to the transmitted signal to simplify the QAM reproduction performed in the QAM 
reproducing circuit 104. and this adding technique is well-known. 

Finally, a matrix K is newly generated according to tiie equations (58) and (59a) to (59d) in the second correcting 
equation deriving and storing circuit 65. and the matrix K expressed according to the equation (72) is stored in the stor- 
ing unit 65 as a second correcting equation for a next symbol N+2. This matrix K indicates a change of arrplitude and 
phase characteristics occun-ing In the transmission path from a transmission time for the symbol N to another transmis- 
sion time for tiie symbol N+1 . 

Thereafter, the same correcting operation Is repeated, and the same result as that in the second embodiment is 
obtained. 

Next, modifications of the third embodiment are described. 




(90) 




(91) 
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(First Modification) 

In the third ennbadiment. the reference signal is inserted into two carrier waves having the same frequency in two 
symbols adjacent to each other to average the coeff idents SO and S1 in the two symbols, so that an information trans- 
5 mission system from which Gauss noises are removed is detected, and the first correcting equation averaged for the 
two symbols is obtained and used. However, the number of symbols in which the reference signal is inserted into a plu- 
rality of carrier waves having the same frequency is not limited to two. 

Also, the removal of the Gauss noises can be performed by averaging a plurality of second correcting equations 
obtained for a plurality of symbols. In the first modification of the third embodiment, an averaging method for averaging 
10 five matrixes K obtained for five symbols is described. 

A reference signal is transmitted, and a reproduced reference signal is received. In this case, a matrix K for an m- 
th (m=1,2,",5) symbol among 5 symbols is expressed by a matrix Km, and the matrix is formulated as follows. 



15 



20 



25 



Initial values K0i=1, KOa^l, KOg^l, K04=1. K05=1, KI^^O, Kl2=0. Klg^O, Kl4=0 and K15=0 are set. Also, 

KG = (KOi + KOg + KO3 + KO4 + KOsVS (93) 
K1 = (K1 , + K1 2 + K1 3 + K1 4 + K1 5)/5 
are set. In this case, a matrix K averaged for 5 symbols is expressed as follows. 

K = (K^ + K2 + K3 + K4 + K5)/5 (94) 



A-K1,K0^ 



When a received signal for a symbol N-1 is generated in the reproducing circuit 61, a second corrected transmission 
35 signal for the symbol N-1 is calculated, and a matrix for a symbol N Is calculated accoiding to the equations (91). 
(59a) and (59b). In this case, a matrix K2 for a symbol N-1 , a matrix K3 for a symbol N-2. a matrix K4 for a symbol N-3 
and a matrix K5 for a symbol N-4 have been already calculated. Thereafter, an averaged matrix Kfor the symbol N is 
calculated according to the equations (93) and (94) as a second correcting equation. Therefore, the averaged matrix K 
can be repeatedly obtained while increasing the number N. 

40 

(Second Modification) 

In cases where a degree of a high speed change of amplitude and phase characteristics occun-ing in the transmis- 
sion path exceeds an upper limit of a change that the first corrected signal can be corrected according to the second 

45 correcting equation, or in cases where a signal-to-noise (S/N) ratio is extremely degraded, ttiere is a case that tiie first 
corrected signal is inversely corrected for the worse. In cases where the first con-ecled signal is corrected by the aver- 
aged matrix K according to the first modification, a degree of the inverse correction of tiie first corrected signal is lessen. 
However, in cases where the high speed change exceeding the upper limit continuously occurs, the inverse correction 
of tiie first corrected signal is inevitably performed. 

so To avoid the inverse correction of the first corrected signal, when the matrix K is calculated according to the equa- 
tions (90), (91). (59a) and {59b), a difference between each of elements a and b of the fansmitted signal and each of 
elements a" and b" of the first corrected signal is detected as an error signal. In cases where one of the en-or signals 
exceeds an upper limit a a lower limit, elements of the matrix K are set to prescribed values. For exanple, in cases 
where one error signal is higher than 0.4 or is lower ttian -0.4. tiie error signal is set to 0.4 or -0.4, and the matrix K is 

55 calculated. This operation is performed in tiie second correcting equation deriving and storing circuit 65. 

(Third Modification) 



In cases where the S/N ratio is extremely degraded, tiiere is a case that the first corrected signal is inversely cor- 
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rected for the worse. In cases where the first corrected signal is corrected by the averaged matrix K according to the 
first mcxJrfication. a degree of the inverse correction of the first corrected signal is lessen. However, in cases where the 
high speed change exceeding the upper limit continuously occurs, the inverse correction of the first corrected signal is 
inevitably performed. 

To avoid the inverse connection of the first con-ected signal, when the matrix K is calculated according to the equa- 
tions (90), (91), (59a) and (59b). a difference between each of elements a and b of the transmitted signal and each of 
elements a" and b" of the first corrected signal is detected as an enror signal, and each of the error signals is weighted 
by a prescribed value. That is, in cases where an en-or signal coffesponding to one element of the transmitted signal 
and one element of the first con-ected signal is detected for each of the calculation of the matrix K. the en-or signals are 
distributed according to a normal distribution because of the influence of the Gause noise. Therefore, in cases where 
one error signal is placed near to a central value in the normal distribution, the error signal is multiplied by a weighting 
factor having a high value. In contrast, in cases where one en-or signal is placed far from the central value, ttie error sig- 
nal is multiplied by a weighting factor having a low value. This weighting operation is performed in the second con-ecting 
equation deriving and storing circuit 65. 

(Fourth Modification) 

In cases where a degree of a high speed change of amplitude and phase characteristics occun-ing in tiie transmis- 
sion path exceeds an upper limit of a change that tiie first con-ected signal can be corrected according to the second 
correcting equation, or in cases where a signal-to-noise (S/N) ratio is extremely degraded, there is a case that the first 
corrected signal is inversely corrected for the worse. In cases where tiie first con-ected signal Is corrected by the aver- 
aged matrix K according to tiie first modification, a degree of the inverse correction of ttie first corrected signal is lessen. 
However, in cases where the high speed change exceeding the upper limit continuously occurs, tiie inverse correction 
of the first con-ected signal is inevitably performed. 

To avoid tiie inverse correction of tiie first corrected signal, the high speed change exceeding the upper limit is 
detected as an error in an eaor correcting circuit (not shown), and tiie second conrecting equation is not renewed in 
cases where tiie error is detected, and a unit matrix is used as a renewed matrix K. In this case, a plurality of mati-ices 
K including tiie unit matrix are averaged according to the first modification to lessen an adverse influence of the high 
speed change exceeding the upper limit. 

(Frfth Modification) 

When the matrix K is calculated according to tiie equations (90). (91), (59a) and (59b), an upper limit and a lower 
limit are set for each eror signal arranged at )and b >(real part). In cases where tiie arranging point of the error signal 
exceeds the upper limit or the lower limit, the matrix K is set to a unit matrix. 

For example, as shown in Rg. 1 1 , in cases where one en-or signal is arranged on condition that an absolute value 
of tiie real part or the imaginary part is equal to or nrore than 8 in 256 QAM or an absolute value of a sum of the real 
and imaginary parts is equal to or more tiian 6 in 256 QAM. tiie error signal is not used, and a unit matrix is used as a 
renewed matrix K. 

Because the high speed change influences on the error signal arranged on an outer side far from a central point, 
an error caused by the high speed change occurs at a higfi probability when the error signal is arranged on the outer 
side. Therefore, a group of the en-or signals which are indicated by black circles in Fig. 1 1 and are arranged on an inner 
side is only used to renew the matrix K. 

(Sixtii Modification) 

In this modification, an averaging operation performed along a frequency-axis is described. 

After coefficients of a combined matrix of the mafrix H and tiie matrix K are calculated, a series of the coefficients 
arranged in a frequency order passes through a low pass filter to remove a high frequency component from the coeffi- 
cients. This digital filtering processing can be easily performed in tiie correction processing circuit 67 or the second cor- 
recting equation deriving and storing circuit 65. This filtering is not limited to an one-dimensional filtering performed 
along the frequency-axis, and it is applicable that the filtering be performed in a two-dimensional filter to filter the coef- 
ficients along the frequency-axis and the time-axis. 

The two-dimensional filter for filtering the coefficients along the frequency-axis and the time-axis is described in 
brief. 

A plurality of matrices H are averaged by transmitting and receiving reference signals for a plurality of symbols. 
Also, a plurality of matrices K are averaged for a plurality of symbols. Therefore, tiie matrices H and tiie matrices K are 
respectively averaged along the time-axis. Thereafter, a matrix E is generated in the same manner as the generation of 
the equation (79). a coefficient of a particular carrier wave and a plurality of coefficients of otiier carrier waves (for exam- 
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pie, ±10 carrier waves) neighboring the particular carrier are averaged. Each of all carrier waves is set as the particular 
carrier wave, and the averaging operation is performed for all carrier waves. Therefore, the matrices E are averaged 
along the frequency-axis, and a correcting calculation is performed as follows. 







'a'1 


(b) 




b' 


(c) 


:=E 




c' 


.<d)> 




<d'; 



(95) 



In the second embodiment, the first correcting step using the matrix H and the second correcting step using the 
matrix K are separately performed. However, in this modification, the matrix H and the matrix K are calculated in the 
same manner, and a correcting operation Is performed according to the equation (95) by using the matrix E. 

(Another Modification) 

A set of a central carrier wave and two carrier waves adjacent to the centra! can-ier wave is repeatedly formed by 
selecting three carrier waves from all can'ier waves, one reference signal is inserted into the central carrier wave of each 
set a correcting equation for the central carrier wave is derived, and each of two received signals con-esponding to the 
earner waves adjacent to the central earner wave is corrected by using the correcting equation for the central carrier 
wave. Therefore, a volume of calculation is reduced, a coming period of the reference signal is shortened, the transmit- 
ting apparatus 71 and the receiving apparatus 81 can be manufactured at a low cost, and the digital information signals 
can be processed at a high speed. 

Having illustrated and described the principles of the present invention in a preferred embodiment thereof, it should 
be readily apparent to those skilled In the art that the invention can be modified in arrangement and detail without 
departing from such principles. We claim all modificatiorre coming within the spirit and scope of the accompanying 
claims. 

Each of a plurality of carrier waves is modulated with one of information signals for each symbol, one of two types 
of reference signals known on a receiving side is alternately inserted into a pair of particular carrier waves of which fre- 
quencies are symmetric to each other with respect to a frequency of a central carrier wave for each symbol while chang- 
ing the frequencies of the pair of particular carrier waves at two symbol intervals to insert the reference signal Into all 
carrier waves every prescribed symbols, a symbol number is inserted into one carrier wave to specify the pair off partic- 
ular carrier waves, and an orthogonal frequency division multiplex (OFDM) signal composed of the modulated carrier 
waves are transmitted from transmitting apparatus to a receiving apparatus through a spatial transmission path. In the 
receiving apparatus, the OFDM signal is demodulated, two types of reproduced reference signals are obtained, a char- 
acteristic of a transmission path including the spatial transmission path and transmission characteristics of the transmit- 
ting and receiving apparatuses is detected by comparing the reproduced reference signals and the reference signals, 
a correcting equation is calculated, and each modulated information signal is reproduced according to the correcting 
equation. Accordingly, the reproduced information signals can be obtained with a high accuracy without complicating 
the configuration of the transmitting and receiving apparatuses. 

Claims 

1. An orthogonal frequency division multiplex signal transmitting method, comprising the steps of: 
preparing a plurality of carrier waves having difference frequencies; 

classifying the plurality of can-ier waves Into a central carrier wave, a plurality of positive can'ier waves having 
frequencies higher than tiiat of the central carrier wave and a plurality of negative carrier waves having fre- 
quencies lower tiian that of tiie central carrier wave; 

calculating a set of an In-phase signal and a quadrature signal from each of a plurality of information signals 
on a transmitting side for each of symbols; 

modulating each of tiie plurality of positive carrier waves and each of the plurality of negative carrier waves with 
one of a plurality of sets of in-phase and quadrature signals calculated from tiie plurality of information signals 
for each of the symbols; 

inserting a reference signal known on the receiving side into a set of a particular positive carrier wave and a 
particular negative carrier wave, of which frequencies are Symmetric to each other witii respect to a central fre- 
quency of the central carrier wave, selected from tiie plurality of positive and negative carrier waves for each 
of the symbols on the b-ansmitting side while changing the selection of the set of particular positive and nega- 
tive carrier waves every prescribed time on condition that the reference signal is inserted into all positive and 
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negative carrier waves every prescribed synr4x)ls: 

producing an orthogonal frequency division multiplex signal composed of the central can-ier wave and a plural- 
ity of modulated earner waves, by which the plurality of information signals and the reference signal-are carried, 
for each of the symbols; 

transmitting each of the orthogonal frequency division multiplex signals from the transmitting side to a trans- 
mission path; 

receiving each of the orthogonal frequency division multiplex signals transmitted from the transmission path on 
a receiving side; 

demodulating the plurality of nxxiulated carrier waves of the orthogonal frequency division multiplex signal 
received on the receiving side to obtain a plurality of demodulated information signals on the receiving side for 
each of the symbols; 

obtaining a plurality of sets of reproduced in-phase iand reproduced quadrature signals of a plurality of repro- 
duced information signals from the plurality of demodulated information signals for each of the symbols; 
obtaining a demodulated reference signal on the receiving side for each of the synrtbols; 
obtaining a reproduced reference signal from the denxxJulated reference signal for each of the symbols: 
comparing the reproduced reference signal with the reference signal known on the receiving side for each of 
the symbols on the receiving side to obtain a transmitting or leaking degree from each of a real part of the ref- 
erence signal earned by the particular positive earner wave, an imaginary part of tiie reference signal carried 
by the particular positive carrier wave, a real part of the reference signal carried by the particular negative car- 
rier wave and an imaginary part of the reference signal canried by the particular negative can-ier wave to each 
of a real part of the reproduced reference signal canied by the particular positive can-ier wave, an imaginary 
part of the reproduced reference signal can-ied by tiie particular positive can-ier wave, a real part of the repro- 
duced reference signal carried by the particular negative cannier wave demodulated and an imaginary part of 
tiie reproduced reference signal carried by tiie particular negative canrier wave; 

detecting a characteristic of tiie ft-ansmission patii for the set of particular positive and negative can-ier waves 
according to tiie transmitting and leaking degrees for each of the symbols; 

obtain a plurality of characteristics of tiie transmission patii for all sets of positive and negative carrier waves 
by repeating tiie detection of the characteristic of tiie transmission path by prescribed syniwis; 
calculating a plurality of correcting equations for all sets of positive and negative carrier waves from the char- 
acteristics of the transmission path; and 

con-ecting ttie plurality of sets of reproduced in-phase and reproduced quadrature signals to a plurality of sets 
of corrected inijhase and con-ected quadrature signals according to tiie plurality of correcting equations for 
each of the symbols to obtain a plurality of corrected information signals from ttie plurality of sets of corrected 
in-phase and corrected quadrature signals for each of tiie symbols. 

An orthogonal frequency division multiplex signal transmitting metiiod according to claim 1 in wmich the step of cal- 
culating a set of an in-phase signal and a quadrature signal comprises tiie steps of: 

expressing a real part of each of the plurality of information signals carried by the positive carrier waves by A; 
expressing an imaginary part of each of tiie plurality of information signals carried by tiie positive can-ier waves 
byB; 

expressing a real part of each of tiie plurality of information signals carried by the negative carrier waves by C; 
and 

expressing an Imaginary part of each of tiie plurality of information signals carried by tiie negative carrier 
waves by D, 

the step of inserting a reference signal comprises the steps of: 

preparing a first type of reference signal and a second type of reference signal as the reference signal; 
inserting an symbol number into one of the plurality of carrier waves for each of tiie symbols on the ti-ansmitting 
side while circularly changing a value of tiie symbol number for each of tiie symbol; 
inserting tiie first type of reference signal into one set of particular positive and negative carrier waves, of which 
first frequencies are symmetric to each other with respect to tiie central frequency of tiie central carrier wave, 
for each odd symbol in which an odd symbol number is inserted into one carrier wave as one symbol number 
to specify the one set of particular positive and negative carrier waves; and 

inserting the second type of reference signal into one set of particular positive and negative carrier waves, of 
which second frequencies are symmetric to each otiier with respect to tiie central frequency of tiie central car- 
rier wave, for each even symkx)! in which an even symbol number is inserted into one carrier wave as one sym- 
bol number to specify the one set of particular positive and negative carrier waves on condition that tiie second 
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frequencies of the set of particular positive and negative carrier waves corresponding to one even symlx)! 
numtjer Ns are the same as the first frequencies of the set of particular positive and negative carrier waves cor- 
responding to one odd symbol number Ns-1 just preceding to the even symbol number Ns, 

the step of obtaining a plurality of reproduced information signals conrprises the steps of: 

expressing a real part of each of the plurality of reproduced information signals, which are earned by the 
demodulated carrier waves obtained from the positive carrier waves, by A'; 

expressing an imaginary part of each of the plurality of reproduced information signals, which are carried by 
the demodulated carrier waves obtained from the positive carrier waves, by B'; 

expressing a real part of each of the plurality of reproduced Information signals, which are earned by the 
demodulated carrier waves obtained from the negative carier waves, by C; and 

expressing an imaginary part of each of the plurality of reproduced information signals, which are can-led by 
the demodulated carrier waves obtained from the negative carrier waves, by D\ 

the step of obtaining a reproduced reference signal comprises the steps of: 

demodulating the first type of reference signal inserted into the set of particular positive and negative earner 
waves to obtain a first type of reproduced reference signal for each odd symbol; and 
demodulating the second type of reference signal inserted into the set of particular positive and negative car- 
rier waves to obtain a second type of reproduced reference signal for each even symbol, 

the step of comparing the reproduced reference signal includes the step of: 

calculating eight coefficients SO to S7 which denote tiie transmitting and leaking degrees and satisfy an rela- 
tionship 







^SO.-Si, S2. S3\ 
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S1, so, S3.-S2 
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S4, S5, S6,-S7 
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kS5,-S4, S7, S6; 





according to tiie first type of reference signal, tiie second type of reference signal, ttie first type of reproduced 
reference signal and the second type of r^roduced reference signal for each of tiie symbols, 

the step of calculating a plurality of correcting equations include tiie step of: 

calculating a value 



detA 



^'HQ. H1,H2. H3^ 
■HI, HO. H3.-H2 
H4, H5, H6, H7 
H5,-H4.-H7, HS; 



in which 



HO = +S0(S6S6+S7S7) - S2(S4S6+S5S7) + S3(S4S7-S5S6). 
H1 = +S1(S6S6+S7S7) - S3(S4S6+S5S7) - S2(S4S7-S5S6), 
H2 = +S4(S2S2+S3S3) - S6(S0S2+S1S3) + S7(S0S3-S1S2). 
H3 = +S5(S2S2+S3S3) - S7(S0S2-hS1S3) - S6(S0S3-S1S2), 
H4 = +S2(S4S4-fS5S5) - S0(S4S6+S5S7) - S1(S4S7-S5S6). 
H5 = +S3(S4S4+S5S5) • S1 (S4S6+S5S7) + S0(S4S7-S5S6), 
H6 = +S6(S0S0+S1S1) - S4(S0S2+S1S3) - S5(S0S3-S1S2), 
H7 = +S7(S0S0+S1S1) - S5(S0S2+S1S3) + S4(S0S3-S1S2) and 

detA = S0*H0 + SrH1 + S4*H2 + S5*H3 are satisfied, as one con-ecting equation for each of the symbols, 
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and 

the step of correcting the plurality of sets of reproduced In-phase and reproduced quadrature signals includes the 
step of: 

calculating the real part A* of each of the plurality of reproduced information signals corresponding to the pos- 
itive carrier waves, the imaginary part of each of the plurality of reproduced information signals correspond- 
ing to the positive carrier waves, the real part C of each of the plurality of reproduced information signals 
corresponding to the negative carrier waves and the imaginary part D' of each of the plurality of reproduced 
intbrmaf on signals corresponding to the negative carrier waves according to a relationship 
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in which a real part of each of the plurality of corrected information signals corresponding to the positive canrier 
waves is expressed by <A>, an imaginary part of each of the plurality of corrected information signals con^e- 
sponding to the positive carrier waves is expressed by (B), a real part of each of the plurality of corrected infor- 
mation signals corresponding to the negative carrier vraves is expressed by (C ). an imaginary part of each of 
the plurality of corrected information signals con'esponding to the negative carrier waves is expressed by (D ). 

An orthogonal frequency division multiplex signal transmitting method according to claim 1 in which the step of 
inserting a reference signal comprises the steps of: 

preparing a first type of reference signal and a second type of reference signal as the reference signal: 
inserting an symbol number into one of the plurality of carrier waves for each of the symbols on the transmitting 
side while circularly changing a value of the symbol number for each of the symbol; 
inserting the first type of reference signal into one set of particular positive and negative carrier waves, of which 
first frequencies are symmetric to each other wrth respect to the central frequency of the c^tral carrier wave, 
for each odd symbol in which an odd symbol number is inserted into one earner wave as one symbol nunt)er 
to specify the one set of particular positive and negative carrier waves; 

inserting the second type of reference signal into one set of particular positive and negative carrier waves, of 
which second frequencies are symmetric to each other with respect to the central frequency of the central car- 
rier wave, for each even symbol in which an even symbol number is inserted into one carrier wave as one sym- 
bol number to specify the one set of particular positive and negative carrier waves on condition that the second 
frequencies of the set of particular positive and negative carrier waves con'esponding to one even symbol 
number Ns are the same as the first frequencies of the set of particular positive and negative can-ier waves cor- 
responding to one odd symbol number Ns-1 just preceding to the even symbol number Ns; 
expressing real parts of the first type of reference signal and the second type of reference signal inserted into 
the particular positive can'ier wave by Ps; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular positive can-ier wave by Qs; 

expressing real parts of tiie first type of reference signal and the second type of reference signal inserted into 
tiie particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular negative carrier wave by Us; 

setting one of the real part Ps of the first type of reference signal and the imaginary part Qs of the first type of 
reference signal to a first prescribed value not equal to zero; 

setting the other one of the real part Ps of the first type of reference signal and ttie imaginary part Qs of the 
first type of reference signal, tiie real part Rs of the first type of reference signal and the imaginary part Us of 
tiie first type of reference signal to zero; 

setting one of tfie real part Rs of the second type of reference signal and the imaginary part Us of the second 
type of reference signal to a second prescribed value not equal to zero; and 

setting the other one of the real part Rs of the second type of reference signal and tiie imaginary part Us of the 
second type of reference signal, the real part Ps of the second type of reference signal and the imaginary part 
Qs of the second type of reference signal to zero. 
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4. An orthogonal frequency division multiplex signal transmitting method according to claim 1 in which the step of 
inserting a reference signal comprises the steps of: 

preparing a first type of reference signal and a second type of reference signal as the reference signal; 
inserting an symbol number into one of the plurality of can'ier waves for each of the symbols on the transmitting 
side while circularly changing a value of the symbol number for each of the symbol; 
inserting the first type of reference signal into one set of particular positive and negative carrier waves, of which 
first frequencies are symmetric to each otiier witii respect to a central frequency off the central carrier wave, for 
each odd symbol in which an odd symbol number is inserted into one carrier wave as one symbol number to 
specify the one set of particular positive and negative carrier waves; 

inserting tiie second type off reference signal into one set of particular positive and negative carrier waves, of 
which second frequencies are symmetric to each otiier with respect to tiie central frequency of the central car- 
rier wave, for each even symbol in which an even symbol nunf±>er is inserted into one canrier wave as one sym- 
bol number to specify the one set of particular positive and negative carrier waves on condition that the second 
frequencies of tiie set of particular positive and negative carrier waves con-esponding to one even symbol 
number Ns are tiie same as the first frequencies of tiie set of particular positive and negative earner waves cor- 
responding to one odd symbol number Ns-1 just preceding to the even symbol number Ns; 
expressing real parts of tiie first type of reference signal and the second type of reference signal ir^erted into 
tiie particular positive carrier wave by Ps; 

expressing imaginary parts of tiie first type of reference signal and the second type of reference signal inserted 
Into tiie particular positive carrier wave by Qs; 

expressing real parts off tiie first type of reference signal and the second type of reference signal inserted into 
the particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into tiie particular negative carrier wave by Us; 

setting tiie real part Ps of tiie first type of reference signal to a first prescribed value not equal to zero; 
setting the imaginary part Qs of tiie first type of reference signal to a second prescribed value not equal to zero; 
setting tiie real part Rs of tiie first type of reference signal and tiie imaginary part Us of tiie first type of refer- 
ence signal to zero; 

setting tfie real part Rs of tiie second type of reference signal to a tiiird prescribed value not equal to zero; 
setting tiie imaginary part Us of tfie second type of reference signal to a fburtii prescribed value not equal to 
zero; and 

setting tiie real part Ps of tiie second type of reference signal and the imaginary part Qs of tiie second type of 
reference signal to zero. 

5. An ortiiogonal frequency division multiplex signal t-ansmitting method according to claim 2 in which the step of 
inserting a reference signal further comprises the steps of: 

expressing real parts of tiie first type of reference signal and the second type of reference signal inserted into 
tiie particular positive canier wave by Ps; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular positive carrier wave by Qs; 

expressing real parts of tfie first type of reference signal and the second type of reference signal inserted into 
tiie particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into tfie particular negative carrier wave by Us; 

setting tfie real part Ps of tiie first type of reference signal to a first prescribed value not equal to zero; 
setting the imaginary part Qs of the first type of reference signal, tfie real part Rs of the first type of reference 
signal and the imaginary part Us of the first type of reference signal to zero; 

setting the real part Rs of the second type of reference signal to a second prescribed value not equal to zero; 
and 

setting the imaginary part Us of the second type of reference signal, the real part Ps of tiie second type of ref- 
erence signal and the imaginary part Qs of tfie second type of reference signal to zero, 

the step of obtaining a reproduced reference signal furttier comprises the steps of: 

expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted into tiie particular positive carrier wave, by Pis'; 

expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
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first type of reference signal inserted Into the particular positive carrier wave, by Qls'; 

expressing a real part of the first type of reproduced reference signal, which Is demodulated from the first type 

of reference signal inserted Into the particular negative carrier wave* by RIs*; 

expressing an Imaginary part of the first type of reproduced reference signal, which Is demodulated from the 
first type of reference signal inserted Into the particular negative carrier wave, by U1s'; 
expressing a real part of the second type of reproduced reference signal, which Is denrK)dulated from the sec- 
ond type of reference signal inserted into the particular positive carrier wave, by P2s*; 
expressing an Imaginary part of the second type of reproduced reference signal, which Is denKxiulated from 
the second type of reference signal Inserted Into the particular positive can-ler wave, by Q2s'; 
expressing a real part of the second type of reproduced reference signal, which Is demodulated from the sec- 
ond type of reference signal inserted Into the particular negative carrier wave, by R2s'; and 
expressing an Imaginary part of the second type of reproduced reference signal, which Is denr^ulated from 
the second type of reference signal inserted into the particular negative carrier wave, by U2s*. 

the step of calculating eight coefficients SO to S7 Includes the steps of: 

determining the coefficients SO, S1 , S4 and S5 according to a relationship 
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and 

determining the coefficients S2, S3, S6 and S7 according to a relationship 
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An orthogonal frequency division multiplex signal transmitting method according to claim 2 in which the step of 
inserting a reference signal further conprises the steps of: 

expressing real parts of the first type of reference signal and the second type of reference signal Inserted into 
the particular positive carrier wave by Ps; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
Into the particular positive carrier wave by Qs; 

expressing real parts of the first type of reference signal and the second type of reference signal inserted into 
the particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular negative carrier wave by Us; 

setting the Imaginary part Qs of the first type of reference signal to a first prescribed value not equal to zero; 
setting the real part Ps of the first type of reference signal, the real part Rs of the first type of reference signal 
and the imaginary part Us of the first type of reference signal to zero; 

setting the imaginary part Us of the second type of reference signal to a second prescribed value not equal to 
zero; and 

setting the real part Rs of the second type of reference signal, the real part Ps of the second type of reference 
signal and the imaginary part Qs of the second type of reference signal to zero, 

the step of obtaining a reproduced reference signal further comprises the steps of: 

expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal Inserted into the particular positive carrier wave, by Pis'; 
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expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted into the particular positive cannier way/e, by Q1s': 
expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted irtto the particular negative carrier wave, by RIs'; 

expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted into the particular negative carrier wave, by U1 s'; 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular positive carrier wave, by P2s'; 
expressing an imaginary part of the second type of reproduced reference signal, which is demodulated from 
the second type of reference signal inserted into the particular positive carrier wave, by Q2s': 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular negative carrier wave, by R2s'; and 
expressing an imaginary part of the second type of reproduced reference signal, which is demodulated from 
the second type of reference signal inserted into the particular negative can-ier wave, by U2s', 

the step of calculating eight coeffidents SO to S7 includes the steps of: 

determining the coefficients SO, 81. S4 and S5 according to a relationship 
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and 

determining the coefficients S2. S3. S6 and S7 according to a relationship 
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An orthogonal frequency division multiplex signal transmitting method according to claim 2 in which the step of 
inserting a reference signal further comprises the steps of: 

expressing real parts of the first type of reference signal and the second type of reference signal inserted into 
the particular positive carrier wave by Ps; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular positive cannier wave by Qs; 

expressing real parts of the first type of reference signal and the second type of reference signal inserted into 
the particular negative carrier wave by Rs; 

expressing imaginary parts of the first type of reference signal and the second type of reference signal inserted 
into the particular negative carrier wave by Us; 

setting the real part Ps of the first type of reference signal to a first prescribed value not equal to zero; 
setting the imaginary part Qs of the first type of reference signal to a second prescribed value not equal to zero; 
setting the real part Rs of the first type of reference signal and the imaginary part Us of the first type of refer- 
ence signal to zero; 

setting the real part Rs of the second type of reference signal to a third prescribed value not equal to zero; 
setting the imaginary part Us of the second type of reference signal to a fourth prescribed value not equal to 
zero; and 

setting the real part Ps of the second type of reference signal and the imaginary part Qs of the second type of 
reference signal to zero, 

the step of obtaining a reproduced reference signal further comprises the steps of: 
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expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted Into the particular positive carrier wave, by Pis'; 

expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted Into the particular positive earner wave, by Q1s'; 
expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted into the particular negative carrier wave, by RIs*; 

expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted into the particular negative earner wave, by U1s*; 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular positive carrier wave, by P2s'; 
expressing an imaginary part of the second type of reproduced reference signal, which is demodulated from 
the second type of reference signal inserted into the particular positive can-ier wave, by Q2s*; 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular negative earner wave, by R2s'; and 
expressing an imaginary part of the second type of reproduced reference signal, which isdenradulated from 
the second type of reference signal inserted into the particular negative carrier wave, by U2s'. 

the step of calculating eight coefficients SO to S7 includes the steps of: 

determining the coefficiertts SO, SI, S4 and S5 according to a relationship 

'(PsPis'+QsQisMPs'+Qs')' 
(PsQis'-QsPisMPs'+Qs") 
(PsRis'-QgUisMPs +<5/) 

XQsRis'+PsUisWs'+Qs'); 

determining the coefficierrts S2, S3, S6 and S7 according to a relationship 
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An orthogonal frequency division multiplex signal transmitting method according to claim 2 in which the step of 
inserting a reference signal further comprises the steps of: 

setting a real part of the first type of reference signal inserted into the particular positive carrier wave, a real 
part of the first type of reference signal inserted into the particular negative can^ier wave, an imaginary part of 
the second type of reference signal inserted into the particular positive carrier wave and an imaginary part of 
the second type of reference signal inserted into the particular negative carrier wave to a first value X not equal 
to zero; 

setting an imaginary part of the first type of reference signal inserted into the particular positive carrier wave, 
an imaginary part of the first type of reference signal inserted into the particular negative carrier wave, a real 
part of tiie second type of reference signal inserted into tiie particular positive carrier wave and a real part of 
the second type of reference signal inserted into the particular negative carrier wave to a second value Y not 
equal to zero; 

the step of obtaining a reproduced reference signal further comprises the steps of: 

expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted into the particular positive carrier wave, by P1*; 
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expressing an imaginary pari of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted into the particular positive carrier wave, by Q1'; 
expressing a real part of the first type of reproduced reference signal, which is demodulated from the first type 
of reference signal inserted into the particular negative can-ier wave, by R1 '; 

expressing an imaginary part of the first type of reproduced reference signal, which is demodulated from the 
first type of reference signal inserted into the particular negative can-ier wave, by U1': 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular positive carrier wave, by P2'; 
expressing an imaginary part of the second type of reproduced reference signal, which is demodulated from 
the second type of reference signal inserted into the particular positive carrier wave, by 02'; 
expressing a real part of the second type of reproduced reference signal, which is demodulated from the sec- 
ond type of reference signal inserted into the particular negative carrier wave, by R2'; and 
expressing an imaginary part of the second type of reproduced reference signal, which is demodulated from 
the second type of reference signal inserted into the particular negative carrier wave, by U2', 

the step of calculating eight coefficients SO to S7 includes the steps of: 

determining the coefficients SO to S7 according to a relationship 

50 = (PI '*X - P2'*Y - Q1 **Y + Q2'*X)/(2X2 - Z^) 

51 = (Pr*Y - P2'*X + Qr*X - Q2'*Y)/(2X2 - 2Y2) 

52 = (Pr*X - P2'*Y + Qr*Y - Q2**X)/(2X2 - 2Y2) 

53 = -(P1'*Y - P2'*X - Qr*X + Q2'*Y)/(2X2 - Zi^) 

54 = (R1 '*X - R2'*Y + Ur*Y - U2'*X)/(2X2 - 2Y2) 

55 = -(Rr*Y - R2'*X - Ur*X + U2'*Y)/(2X2 - 2Y2) 

56 = (Rr*X - R2'*Y - Ur*Y + U2'*X)/(2X2 - 2^^) 

57 = (R1 •*Y - R2**X + Ur*X - U2'*Y)/(2X2 - 2Y2). 

An orthogonal frequency division multiplex signal transmitting method according to claim 1 , further comprising the 
steps of: 

inserting a symbol number into one of the plurality of carrier waves for each of the symbols on the transmitting 
side while circularly changing a value of the symbol number for each of the symbol; 
demodulating one modulated carrier wave, in which the symbol number is inserted, on the receiving side for 
each of the symbols to obtain a demodulated symbol number; and 

specifying one set of particular positive and negative modulated carrier waves, in which the reference signal is 
inserted, according to the demodulated symbol number for each of the symbols. 

An orthogonal frequency division multiplex signal transmitting apparatus, comprising: 

arithmetical calculation performing means for performing an inverse discrete Fourier transformation for real 
and imaginary parts of a plurality of digital information signals for each of symbols to produce a plurality of sets 
of in-phase digital signals and quadrature digital signals; 

digital-to-analog converting means for converting the sets of in-phase digital signals and quadrature digital sig- 
nals produced by the arithmetical calculation performing means to a plurality of sets of in-phase analog signals 
and quadrature analog signals; 

quadrature amplitude modulation performing means for performing a quadrature amplitude modulation for the 
plurality of sets of in-phase analog signals and quadrature analog signals obtained in the digital-to-analog con- 
verting means to modulate a plurality of carrier waves having different frequencies with the plurality of sets of 
in-phase analog signals and quadrature analog signals and produce an orthogonal frequency division multi- 
plex signal composed of a plurality of modulated carrier waves having different frequencies for each of the sym- 
bols, the plurality of modulated carrier waves being classified into a central carrier wave, a plurality of positive 
carrier waves of which frequencies are higher than a central frequency of the central carrier wave and a plural- 
ity of negative carrier waves of which frequencies are lower than the centra! frequency of the central carrier 
wave; 

symbol number generating and inserting means for generating a symbol number for each of the symbols while 
circularly changing a value of the symbol number and inserting each of the symbol numbers into one of the plu- 
rality of modulated can-ier waves obtained in the quadrature amplitude modulation performing means for each 
of the symbols; 
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reference signal generating and inserting means for generating a reference signal known on a receiving side 
and inserting the reference signal Into a set of a particular positive carrier wave and a particular negative car- 
rier wave, of whicli frequencies are symmetric to each other with respect to the central frequency of the central 
cannier wave, selected from the plurality of positive and negative carrier waves for each of the symbols while 
changing the selection of tiie set of particular positive and negative earner waves every prescribed time on con- 
dition tfiat tiie reference signal is inserted into all positive and negative carrier waves every prescribed symbols 
and tiie set of particular positive and negative carrier waves in each symbol are specified by tiie symbol 
number; and 

transmitting means for transmitting the ortfiogonal frequency division multiplex signal, in which the symbol 
number generated by the symbol number generating and inserting means is inserted into one of the plurality 
of modulated carrier waves and the reference signal generated by the reference signal generating and insert- 
ing means is inserted into one set of particular positive and negative carrier waves, to a transmission path for 
each of the symbols. 

11. An orthogonal frequency division multiplex signal transmitting apparatus according to claim 10 in which 

tiie reference signal generated by tiie reference signal generating and inserting means is a first type of refer- 
ence signal and a second type of reference signal, 

the first type of reference signal is inserted into one first set of particular positive and negative carrier waves for 
each odd symbol in which an odd symbol number is inserted into one carrier wave, the second type of refer- 
ence signal is inserted into one 

second set of particular positive and negative carrier waves for each even symbol in which an even symbol 
number is inserted into one earner wave on condition that the frequencies of the second set of particular pos- 
itive and negative carrier waves corresponding to one even symbol number Ns are the same as those of the 
first set of particular positive and negative earner waves con^esponding to one odd symbol number Ns-1 just 
preceding to tiie even symbol number Ns, 

a real part or an imaginary part of the first type of reference signal inserted into the particular positive carrier 
wave is set to a first prescribed value not equal to zero, 

tiie other real or imaginary part of tiie first type of reference signal inserted into tiie particular positive carrier 
wave and real and imaginary parts of the first type of reference signal inserted into the particular negative car- 
rier wave are set to zero, 

a real part or an imaginary part of the second type of reference signal inserted into the particular negative car- 
rier wave is set to a second prescribed value not equal to zero, and 

tiie other real or imaginary part of tiie second type of reference signal inserted into tiie particular negative car- 
rier wave and real and imaginary parts of the second type of reference signal inserted into the particular posi- 
tive carrier wave are set to zero. 

12. An orthogonal frequency division multiplex signal trar^mitting apparatus according to daim 10 in which 

tiie reference signal generated by tiie reference signal generating and inserting means is a first type of refer- 
ence signal and a second type of reference signal, 

tiie first type of reference signal is inserted into one first set of particular positive and negative carrier waves for 

each odd symbol in which an odd symbol number is inserted into one carrier wave, 

the second type of reference signal is inserted into one second set of particular positive and negative carrier 

waves for each even symbol in which an even symbol number is inserted into one carrier wave on condition 

tiiat the frequencies of the second set of particular positive and negative carrier waves corresponding to one 

even symbol number Ns are tiie same as those of the first set of particular positive and negative carrier waves 

con-esponding to one odd symbol number Ns-1 just preceding to the even symbol number Ns, 

real and imaginary parts of the first type of reference signal inserted into the particular positive can-ier wave are 

set to first prescribed values not equal to zero, 

real and imaginary parts of the first type of reference signal inserted into the particular negative canrier wave 
are set to zero, 

real and imaginary parts of the second type of reference signal inserted into the particular negative carrier 
wave are set to second prescribed values not equal to zero, and 

real and imaginary parts of tiie second type of reference signal inserted into the particular positive carrier wave 
are set to zero. 

13. An orthogonal frequency division multiplex signal transmitting apparatus according to claim 10 in which 
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the reference signal generated by the reference signal generating and inserting means is a first type of refer- 
ence signal and a second type of reference signal, 

the first type of reference signal is inserted into one first set of particular positive and negative carrier waves for 
each odd symbol in which an odd symbol number is inserted into one carrier wave, 
the second type of reference signal is inserted into one second set of particular positive and negative carrier 
waves for each even symbol in which an even symbol number is inserted into one cannier wave on condition 
that the frequencies of the second set of particular positive and negative carrier waves corresponding to one 
even symbol number Ns are the same as those of the first set of particular positive and negative carrier waves 
con'esponding to one odd symbol number Ns-1 just preceding to tiie even symtx)! number Ns, 
a real part of the first type of reference signal inserted into the particular positive carrier wave, a real part of the 
first type of reference signal inserted into the particular negative carier wave, an imaginary part of the second 
type of reference signal inserted into the particular positive carrier wave and an imaginary part of tiie second 
type of reference signal inserted into tiie particular negative carrier wave are set to a first prescribed value not 
equal to zero, and 

an imaginary part of the first type of reference signal inserted into tiie particular positive carrier wave, an imag- 
inary part of the first type of reference signal inserted into the particular negative carrier wave, a real part of tiie 
second type of reference signal inserted into tiie particular positive carrier wave and a real part of the second 
type of reference signal inserted into the particular negative carrier wave are set to a second presaibed value 
not equal to zero. 

14. An orthogonal frequency division multiplex signal receiving apparatus, comprising: 

receiving means for receiving an ortiiogonal frequency division multiplex signal composed of a plurality of mod- 
ulated earner waves having different frequencies from a transmission patii for each of symbols, the plurafrty of 
modulated carrier waves being modulated by a plurality of sets of in-phase and quadrature signals indicating a 
plurality of digital infornnation signals, the plurality of modulated carrier waves being classified into a central car- 
rier wave, a plurality of positive carrier waves of which frequencies are higher tiian a central frequency of the 
central carrier wave and a plurality of negative carrier waves of which frequencies are lower than the central 
frequency of tiie central carrier wave, a reference signal being inserted into a set of a particular positive earner 
wave and a particular negative carrier wave, of which frequencies are symmetric to each otiier with respect to 
the central frequency of tiie central carrier wave, selected from the plurality of positive and negative carrier 
waves for each of the symbols while changing the selection of tiie set of particular positive and negative carrier 
waves every prescribed time, and tiie set of particular positive and negative carrier waves in each symbol being 
specified by a symbol number of which a value is circularly changed for each of the symbols and is Inserted 
into one of the plurality of modulated carrier waves for each of the symbols; 

quadrature demodulating means for performing a quadrature demodulation for tiie orthogonal frequency divi- 
sion multiplex signal received by tiie receiving means for each of tiie syn^ls to obtain a plurality of sets of 
demodulated in-phase and quadrature signals, a demodulated reference signal and a demodulated symbol 
number; 

reproducing means for performing a discrete Fourier transformation for tiie plurality of sets of demodulated in- 
phase and quadrature signals, tiie demodulated reference signal and the demodulated symbol number for 
each of the symbols and obtaining real parts and imaginary parts of a plurality of reproduced digital information 
signals deformed in the ti'ansmission path, a reproduced reference signal deformed in the transmission path 
and tiie symbol number for each of the symbols; 

detecting means for detecting a characteristic of the transmission path corresponding to one set of particular 
positive and negative carrier waves from tiie reproduced reference signal and the symbol number obtained in 
the reproducing means for each of the symbols; 

connecting equation deriving means for deriving a con-ecting equation corresponding to one set of particular 
positive and negative carrier waves from the characteristic of the transmission path detected by the detecting 
means for each of the symbols; and 

correcting means for correcting the real and imaginary parts of the reproduced digital information signals 
obtained in the reproducing means according to the correcting equation for each of the symbols and obtaining 
real and imaginary parts of a plurality of corrected digital information signals in which the deformation of tiie 
plurality of reproduced digital information signals received in tiie transmission path is corrected. 

15. An orthogonal frequency division multiplex signal receiving apparatus according to claim 14 in which 

the demodulated reference signal obtained in the quadrature demodulating means is classified into a first type 
of demodulated reference signal obtained by demodulating a first type of reference signal inserted as the ref- 
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erence signal into one first set of particular positive and negative carrier waves for each odd symbol in which 
an odd symbol number is inserted into one carrier wave and a second type of reference signal inserted as the 
reference signal into one second set of particular positive and negative carrier waves for each even symbol in 
which an even symbol number is inserted into one carrier wave on condition that the frequencies of the second 
set of particular positive and negative carrier waves corresponding to one even symbol number Ns are the 
same as those of the first set of particular positive and negative carrier waves corresportding to one odd symbol 
number Ns-1 just preceding to the even symbol number Ns, 

the reproduced reference signal obtained in the reproducing means is classified into a first type of reproduced 
reference signal obtained by reproducing the first type of demodulated reference signal and a second type of 
reproduced reference signal obtained by reproducing the second type of demodulated reference signal, 
the characteristic of the transmission path detected by the detecting means is indicated by eight coefficients 
SO to S7 satisfying an relationship 

^A'^ rso.-si,S2,S£r| rA>j 

B' ^ S1,S0.S3,-S2 B 
a " S4, S5, S6.-S7 C • 

j)7 Is5,-S4, S7, se) Id; 



in which a real part of each of the plurality of digital information signals carried by the positive carrier waves is 
expressed by A, an imaginary part of each of the plurality of digital information signals carried by the positive 
canrier waves is expressed by B. a real part of each of the plurality of digital information signals carried by the 
negative can'ier waves is expressed by C, an imaginary part of each of the plurality of digital information signals 
earned by the negative carrier waves is expressed by D, a real part of each of the plurality of reproduced digital 
information signals which are obtained in the reproducing means from the plurality of digital information signals 
carried by the positive carrier waves is expressed by A\ an imaginary part of each of the plurality of reproduced 
digital information signals which are obtained in the reproducing means from the plurality of digital information 
signals canied by the positive carrier waves is expressed by B', a real part of each of the plurality of reproduced 
digital information signals which are obtained in the reproducing means from the plurality of digital information 
signals earned by the negative carrier waves is expressed by C and an imaginary part of each of the plurality 
of reproduced digital information signals which are obtained in the reproducing means from the plurality of dig- 
ital Information signals carried by the negative carrier waves is expressed by D\ according to the first type of 
reference signal, the second type of reference signal, the first type of reproduced reference signal and the sec- 
ond type of reproduced reference signal for each of the symbols, 

the correcting equation derived by the correcting equation deriving means is expressed by a value 



detA 



^'HO. HI. H2, H3^ 
-HI, HO. H3.-H2 
H4, H5. H6. H7 
H5,-H4.-H7. He; 



in which , 

HO = +S0(S6SefS7S7) - S2(S4S6+S5S7) + S3(S4S7-S5S6). 

H1 = +Sl(S6SefS7S7) - S3(S4S6+S5S7) - S2{S4S7-S5S6). 

H2 = +S4(S2S2+S3S3) - S6(S0S2+S1S3) + S7(S0S3-S1S2), 

H3 = +S5(S2S2+S3S3) - S7(S0S2+S1S3) - S6(S0S3-S1 S2), 

H4 = +S2(S4S4+S5S5) - S0(S4S6+S5S7) - S1(S4S7-S5S6), 

H5 = +S3(S4S4+S5S5) - S1 (S4S6+S5S7) + S0(S4S7-S5S6), 

H6 - +S6(S0S0+S1S1) - S4(S0S2+S1S3) - S5(S0S3-S1 S2). 

H7 = +S7 (S0S0+S1 SI ) - S5(S0S2+S1 S3) + S4(S0S3-S1 S2) and 

detA = SO^HO + SrH1 + S4*H2 + S5*H3 are satisfied, for each of the symbols, and 

the plurality of corrected digital information signals obtained by the correcting means is calculated according to 
a relationship 
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^HO. H1.H2, H3^ 






(B) 


1 


-HI. HO, H3.-H2 






<C) 


°detA 


H4, H5. H6. H7 




C 






.H5.-H4.-H7, H6; 




J)7 



in which a real part of each of the plurality of corrected information signals corresponding to the positive can-ier 
waves is expressed by <A), an Imaginary part of each of the plurality of corrected information signals core- 
sponding to the positive carrier waves is expressed by (B ), a real part of each of the plurality of connected infor- 
mation signals corresponding to the negative carrier waves is expressed by (C ) and an imaginary part of each 
of the plurality of corrected information signals con-esponding to the negative carrier waves is expressed by 
{D>. 

16. An orthogonal frequency division multiplex signal receiving apparatus according to claim 15 in which the eight coef- 
ficients SO to S7 are determined according to a relationship 



rsa\ 




SI 


Qis'/Ps 


S4 ° 




.85/ 





and another relationship 



^S2^ 




^P2s'/Rs> 


S3 






S6 






.S7; 




l,U2s*/Rs> 



in which a real part of the first type of reproduced reference signal corresponding to tiie first type of reference signal 
inserted into the particular positive can'ier wave is expressed by Pis*, an imaginary part of the first type of repro- 
duced reference signal corresponding to tiie first type of reference signal inserted into the particular positive carrier 
wave is expressed by Qls'. a real part of the first type of reproduced reference signal corresponding to the first type 
of reference signal inserted into the particular negative cannier wave is expressed by R1 s'. an imaginary part of the 
first type of reproduced reference signal corresporxJing to the first type of reference signal inserted into the partic- 
ular riegative canier wave is expressed by U1s\ a real part of tiie second type of reproduced reference signal cor- 
responding to the second type of reference signal inserted into tiie particular positive carrier wave Is expressed by 
P2s', an imaginary part of the second type of reproduced reference signal corresponding to the second type of ref- 
erence signal inserted into tiie particular positive can-ier wave is expressed by Q2s\ a real part of the second type 
of reproduced reference signal corresponding to the second type of reference signal inserted into the particular 
negative carrier wave is expressed by R2s' and an imaginary part of ttie second type of reproduced reference sig- 
nal corresponding to the second type of reference signal inserted into the particular negative carrier wave is 
expressed by U2s'. 

in cases where a real part of the first type of reference signal inserted into the particular positive can-ier wave is set 
to a first prescribed value Ps not equal to zero, an imaginary part of the first type of reference signal inserted into 
the particular positive carrier wave, real and imaginary parts of tiie first type of reference signal inserted into the 
particular negative earner wave are set to zero, a real part of the second type of reference signal Inserted into tiie 
particular negative carrier wave is set to a second prescribed value Rs not equal to zero and an imaginary part of 
the second type of reference signal inserted into tfie particular negative carrier wave, real and imaginary parts of 
the second type of reference signal inserted into the particular positive carrier wave are set to zero. 

1 7, An orthogonal frequency division multiplex signal receiving apparatus according to claim 1 5 in which tiie eight coef- 
ficients SO to S7 are determined according to a relationship 
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rsa\ 

S1 
S4 

.S5> 




and another relationship 



^S2^ 
S3 
S6 
.S7> 




In which a real part of the first type of reproduced reference signal con-esponding to the first type of reference signal 
inserted into the particular positive can-ier wave is expressed by Pis', an imaginary part of the first type of repro- 
duced reference signal corresponding to the first type of reference signal inserted into the particular positive carrier 
wave is expressed by Q1s', a real part of the first type of reproduced reference signal corresponding to the first type 
of reference signal inserted into the particular negative carrier wave is expressed by R1s\ an Imaginary part of the 
first type of reproduced reference signal corresponding to the first type of reference signal inserted into the partic- 
ular negative carrier wave is expressed by U1s', a real part of the second type of reproduced reference signal cor- 
responding to the second type of reference signal inserted into the particular positive carrier wave is expressed by 
P2s', an imaginary part of tiie second type of reproduced reference signal con-esponding to the second type of ref- 
erence signal inserted into the particular positive cannier wave is expressed by cks\ a real part of the second type 
of reproduced reference signal con-esponding to the second type of reference signal inserted into the particular 
negative carrier wave is expressed by R2s* and an imaginary part of the second type of reproduced reference sig- 
nal corresponding to the second type of reference signal inserted into the particular negative carrier wave is 
expressed by U2s\ 

in cases where an imaginary part of the first type of reference signal inserted into the particular positive carrier 
wave is set to a first presaibed value Qs not equal to zero, a real part of the first type of reference signal inserted 
into the particular positive carrier wave, real and imaginary parts of tiie first type of reference signal inserted into 
the particular negative carrier wave are set to zero, an imaginary part of tiie second type of reference signal 
inserted into the particular negative carrier wave is set to a second prescribed value Us not equal to zero and a real 
part of tiie second type of reference signal inserted into tiie particular negative carrier wave, real and imaginary 
parts of the second type of reference signal inserted into the particular positive carrier wave are set to zero. 

1 8. An orthogonal frequency division multiplex signal receiving apparatus according to claim 1 5 in which tiie eight coef- 
ficients SO to S7 are determined according to a relationship 



SI 
S4 

^S5J 



'(PsPis^+QsQisMPs'+Qs')' 

(PsQis'-QsPis:)/(Ps'+Q8') 
(PsRis'-QsUisMPs'+Qs') 
.(QsRis'+PsUisWs'+Qs')^ 



and another relationship 



'S2^ 
S3 
S6 

<S7j 



'(RsP2s'-UsQ2sV(Rs'+U3')^ 

(UsP2s'+RsQ2s')/(Rs^+U3^) 

(RsRgg'+UsUgsKRs'+U^') 
.(RsU2s'-UsR2sV(Rs^U3'); 
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in which a real part of the first type of reproduced reference signal corresponding to the first type of reference signal 
inserted into the particular positive carrier wave is expressed by Pis', an imaginary part of the first type of repro- 
duced refference signal corresponding to the first type of reference signal inserted into the particular positive carrier 
wave is expressed by Q1 s'. a real part of the first type of reproduced reference signal corresponding to the first type 
of reference signal inserted into the particular negative carrier wave Is expressed by R1s', an imaginary part of the 
first type of reproduced reference signal corresponding to the first type of reference signal inserted into the partic- 
ular negative earner wave is expressed by U1s\ a real part of the second type of reproduced reference signal cor- 
responding to the second type of reference signal inserted into the particular positive carrier wave is expressed by 
P2s\ an imaginary part of the second type of reproduced reference signal con-esponding to the second type of ref- 
erence signal inserted into the particular positive carrier wave is expressed by C^s*, a real part of the second type 
of reproduced reference signal corresponding to the second type of reference signal inserted into the particular 
negative carrier wave is expressed by R2s' and an imaginary part of the second type of reproduced reference sig- 
nal corresponding to the second type of reference signal inserted into the particular negative carrier wave is 
expressed by U2s', 

in cases where a real part of the first type of reference signal inserted into the particular positive carrier wave is set 
to a first prescribed value Ps not equal to zero, an imaginary part of the first type of reference signal inserted into 
the particular positive carrier wave is set to a second prescribed value Qs not equal to zero, real and imaginary 
parts of the first type of reference signal inserted into the particular negative carrier wave are set to zero, a real part 
of the second type of reference signal inserted into the particular negative carrier wave is set to a third prescribed 
value Rs not equal to zero, an imaginary part of the second type of reference signal inserted into the particular neg- 
ative carrier wave is set to a fourth prescribed value Us not equal to zero and real and imaginary parts of the second 
type of reference signal ireerted into the particular positive carrier wave are set to zero. 

1 9, An orthogonal frequency division multiplex signal receiving apparatus according to claim 1 5 in which the eight coef- 
ficients SO to S7 are determined according to a relationshp 

50 = (Pr*X - P2'*Y - Q1 '*Y + Q2'*X)/(2X2 - 2Y^) 

51 = (Pr*Y - P2'*X + Qr*X - Q2'*Y)/(2X2 - 2Y2) 

52 = (Pr*X - P2'*Y + Qr*Y - Q2'*X)/(2X2 - 2Y2) 

53 = -(Pr*Y - P2'*X - Q1 '^X + Q2'*Y)/(2X2 - 2Y2) 

54 = (R1'*X - R2'*Y + Ur*Y - U2'*X)/(2X2 - 2Y2) 

55 = -(Rr*Y - R2'*X - Ur*X + U2'*Y)/(2X2 - 2\^) 

56 = (Rr*X - R2**Y - UI^Y + U2**X)/(2X2 - 2Y2) 

57 = {Rr*Y - R2'*X + Ur*X - U2**Y)/(2X2 - 2Y^) 

in which a real part of the first type of reproduced reference signal corresponding to the first type of reference signal 
inserted into the particular positive carrier wave is expressed by P1s\ an imaginary part of the first type of repro- 
duced reference signal corresponding to the first type of reference signal inserted into the particular positive earner 
wave is expressed by Q1s\ a real part of the first type of reproduced reference signal corresponding to the first type 
of reference signal inserted into the particular negative carrier wave is expressed by R1s\ an imaginary part of the 
first type of reproduced reference signal corresponding to the first type of reference signal inserted into the partic- 
ular negative can-ier wave is expressed by U1s\ a real part of the second type of reproduced reference signal cor- 
responding to the second type of reference signal inserted into the particular positive carrier wave is expressed by 
P2s*, an imaginary part of tiie second type of reproduced reference signal con^esponding to the second type of ref- 
erence signal inserted into the particular positive earner wave is expressed by (52s'. a real part of tiie second type 
of reproduced reference signal corresponding to the second type of reference signal inserted into the particular 
negative can-ier wave is expressed by R2s' and an imaginary part of the second type of reproduced reference sig- 
nal corresponding to the second type of reference signal inserted into the particular negative carrier wave is 
expressed by LI2s', 

in cases where a real part of the first type of reference signal inserted into the particular positive carrier wave, a real 
part of tiie first type of reference signal inserted into the particular negative carrier wave, an imaginary part of tiie 
second type of reference signal inserted into tiie particular positive carrier wave and an imaginary part of the sec- 
ond type of reference signal inserted into ttie particular negative carrier wave are set to a first prescribed value X 
not equal to zero and an imaginary part of tfie first type of reference signal inserted into the particular positive car- 
rier wave and an imaginary part of the first type of reference signal inserted into tiie particular negative carrier 
wave, a real part of the second type of reference signal inserted into the particular positive carrier wave and a real 
part of the second type of reference signal inserted into the particular negative carrier wave are set to a second 
prescribed value Y not equal to zero. 
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20. An orthogonal frequency division multiplex signal transmitting method, comprising the steps of: 
preparing a plurality of carrier waves having difference frequencies; 

classifying the plurality of carrier waves into a central carrier wave, a plurality of positive earner waves having 
frequencies higher than that of the central carrier wave and a plurality of negative carrier waves having fre- 
quencies lower than that of the central carrier wave; 

calculating a set of an in-phase signal and a quadrature signal from each of a plurality of information signals 
on a transmitting side for each of symbols; 

modulating each of the plurality of positive carrier waves and each of the plurality of negative can-ier waves with 
one of the plurality of information signals on a transmitting side for each of symbols; 
inserting a reference signal known on the receiving side into a set of a particular positive carrier wave and a 
particular negative carrier wave, of which frequencies are symmetric to each other witii respect to a central fre- 
quency of the central carrier wave, selected from the plurality of positive and negative carrier waves for each 
of tine symbols on the transmitting side while changing the selection of the set of particular positive and nega- 
tive carrier waves every prescribed time on condition that the reference signal is inserted into all positive and 
negative canier waves every prescribed symbols and tiie set of particular positive; 

producing an orthogonal frequency division multiplex signal composed of the central carrier wave and a plural- 
ity of modulated positive and negative carrier waves, by which the plurality of infonnation signals and the ref- 
erence signal are canied, for each of tiie symbols; 

transmitting each of the orthogonal frequency division multiplex signals from the transmitting side to a trans- 
mission path; 

receiving each of the ortfiogonal frequency division multiplex signals transmitted from tiie transmission path on 
a receiving side; 

demodulating the plurality of modulated positive and negative earner waves of tfie ortiiogonal frequency divi- 
sion multiplex signal received on ttie receiving side to obtain a plurality of demodulated information signals and 
a demodulated reference signal on the receiving side for each of the symbols; 

obtaining a plurality of reproduced information signals and a reproduced reference signal from tiie plurality of 
demodulated information signals and tiie demodulated reference signal for each of the symbols; 
detecting a characteristic of the transmission path for a set of particular reproduced information signals earned 
by the set of particular positive and negative carrier waves on the receiving side for each of the symbols by 
comparing the reproduced reference signal with tiie reference signal known on ttie receiving sWe; 
calculating a first con-ecting equation for the set of particular reproduced Information signals from the charac- 
teristic of the ti-ansmission path for each of the symbols; 

correcting tiie set of particular reproduced information signals according to the first con'eeting equation to 
obtain a set of first corrected information signals for each of tiie symbols; 

preparing a signal arrangement in which a plurality of signal positior^ allowed for the plurality of information 
signals are an^nged; 

preparing an initial second correcting equation; 

con-ecting ttie set of first corrected information signals according to the initial second correcting equation or a 
second con-ecting equation previously calculated to obtain a set of second corrected information signals for 
each of the symbols; 

detecting a high speed changing characteristic of the transmission path for the set of second corrected infor- 
mation signals for each of tiie symbols according to a difference between a particular signal position selected 
from the signal arrangement for the set of second corrected information signals and a signal position of the set 
of second corrected information signals; 

calculating an updated second correcting equation for a next symbol from the high speed changing character- 
istic of the fransmission path and tiie second corrected information signal for a present symbol preceding to 
the next symbol to correct one set of first conected information signals corresponding to the next symbol to one 
set of second corrected information signals according to tiie updated second correcting equation; 
repeating the con-ection of the set of first correcting information signals accading to the updated second cor- 
recting equation to obtain a plurality of second corrected information signals corresponding to all of tiie infor- 
mation signals; and 

outputting the second corrected information signals for each of tfie symbols. 

21 . An orthogonal frequency division multiplex signal ti-ansmitting method according to claim 20, furttier comprising tiie 
steps of: 

inserting a symbol number, a piece of particular parameter information or a piece of synchronizing symbol 
information into one of tiie plurality of modulated carrier waves on the transmitting side for each of the symbols 
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while circularly changing a value of the symlDol number for each of the symbols; 

deniodulating one modulated carrier wave, in which the symbol number, the particular parameter information 
or the synchronizing symbol information is inserted, on the receiving side for each of the symbols to obtain the 
symbol number, the particular parameter information or the synchronizing symbol information; and 
specifying a set of particular positive and negative modulated carrier waves, in which the reference signal is 
inserted, according to the sytrbol number, the particular parameter information or the synchronizing synrtfjol 
information. 

22. An orthogonal frequency division multiplex signal transmitting metiiod according to claim 20, furtiier comprising the 
steps of 

ananging coefficients of the first correcting equation and/or the second correcting equation in a frequency 
order; and 

fitter-processing tiie coefficients in a low pass filter on a frequency-axis . 

23. An orthogonal frequency division multiplex signal transmitting method according to claim 20 in which the step of 
correcting the set of first corrected information signals includes the step of 

repeating the correction of the set of first con-ected Information signals during a prescribed number of synijols 
to obtain a plurality of sets of second con-ected information signals for the prescribed number of symbols, and 
the step of detecting a high speed changing characteristic of the transmission patii comprises the steps of 
calculating a difference between a particular signal position selected from the signal arrangement table and a 
signal position for each of the plurality of sets of second corrected information signals; 
calculating an average difference of the plurality of differences; and 

detecting a high speed changing characteristic of tiie transmission patii for tiie set of second corrected infor- 
mation signals according to the average difference. 

24. An orthogonal frequency division multiplex signal transmitting method according to claim 20 in which the step of 
correcting the set of first corrected information signals includes the step of 

repeating the correction of the set of first con-ected information signals during a prescribed number of symbols 
to obtain a plurality of sets of second con-ected information signals for the prescribed number of symbols, 

tiie step of detecting a high speed changing characteristic of tiie transmission path comprises tiie steps of 

calculating a difference between a particular signal position selected from the signal an-angement table and a 
signal position for each of tiie plurality of sets of second con-ected information signals; 
detecting a high speed changing characteristic of the transmission path for each of the sets of second cor- 
rected information signals according to one corresponding difference; and 

obtaining an average high speed changing characteristic of the transmission path from the plurality of high 
speed changing characteristics, and 

tiie step of calculating an updated second connecting equation includes the step of 

calculating an updated second conrecting equation used for a plurality of next symbols from the average high 
speed changing characteristic of the transmission path. 

25. An orthogonal frequency division multiplex signal transmitting method according to claim 20 in which the step of 
detecting a high speed changing characteristic of tine transmission path includes 

determining a pair of particular information signals modulating the set of particular positive and negative carrier 
waves on the transmitting side according to tiie high speed changing characteristic of the transmission patii 
and the pair of second corrected information signals, and 

the step of calculating an updated second correcting equation includes 

expressing the pair of first corrected information signals corrected according to tiie first correcting equation by 
a pair of complex numbers (a" + jb") and (c" + jd"); 

expressing tiie pair of particular information signals by a pair of complex numbers (a + jb) and (c + jd); 
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generating the updated second connecting equation expressed by a matrix 

^K0.K1,0.0> 

-K1,K0,0.0 

0. 0.K6.K7 
^0.0. K6; 

in which KO = (a*a" + b*b")/(a"2 + b"2). ki = (a*b" - a"*b)/(a"2 ^ ^.2y ^ ^ d*d")/(c"2 + d"^ and K7 = 
(c*d" - c"*d)/(c"2 + d"2) are satisfied; and 

con-ecting one set of first con-ected information signals corresponding to the next symbol to one set of second 
corrected information signals according to a relationship 

^<aA /^KCKI ,0.0^ ra^ 

<b) ^ -K1.K0. 0,0 b" 

<c) 0.0,K6.K7 c" 
<id)J lo , 0 , -K7, K6/ Id"; 



in which the pair of second conecled information signals corrected according to the first con-ecting equation 
are expressed by a pair of complex numbers (<a > + j <b >) and ( <c > + j <d )). 

26. An orthogonal frequency division multiplex signal transmitting method according to claim 20 in which the step of 
inserting a reference signal comprises the steps of 

preparing a first type of reference signal and a second type of reference signal as the reference signal; 
alternately inserting the first type of reference signal and the second type of reference signal into a set of a par- 
ticular positive carrier wave and a particular negative canier wave, of which frequencies are symmetric to each 
other with respect to a central frequency of the central earner wave, selected from the plurality of positive and 
negative canier waves for each of the symbols on the transmitting side while changing the selection of the set 
of particular positive and negative carrier waves every prescribed time on condition that the first or second type 
of reference signal is inserted into all positive and negative canier waves every prescribed symbols. 

the step of obtaining a plurality of reproduced information signals includes the step of: 

alternately obtaining a first type of reproduced reference signal and a second type of reproduced reference sig- 
nal from a first type of demodulated reference signal and a second type of demodulated reference signal 
obtained by demodulating the set of particular positive and negative carrier waves, and 

the step of detecting a characteristic of the transmission path comprises the steps of: 

comparing the first type of reproduced reference signal or the second type of reproduced reference signal with 
the first type of reference signal or the second type of reference signal known on the receiving side; 
obtaining a transmission characteristic transmitting or leaking from each of a real part of the first type of refer- 
ence signal or the second type of reference signal carried by the particular negative carrier wave, an imaginary 
part of tfie first type of reference signal or the second type of reference signal carried by the particular negative 
earner wave, a real part of the first type of reference signal or tiie second type of reference signal carried by 
the particular negative canier wave and an imaginary part of the first type of reference signal or tfie second 
type of reference signal carried by the particular negative canier wave to each of a real part of the first type of 
reproduced reference signal or the second type of reproduced reference signal carried by the particular posi- 
tive carrier wave demodulated, an imaginary part of the first type of reproduced reference signal or the second 
type of reproduced reference signal carried by the particular positive carrier wave demodulated, a real part of 
tiie first type of reproduced reference signal or the second type of reproduced reference signal carried by the 
particular negative carrier wave demodulated and an imaginary part of the first type of reproduced reference 
signal or the second type of reproduced reference signal carried by the particular negative carrier wave demod- 
ulated; and 

detecting tine characteristic of the transmission path for the set of particular reproduced information signals 
according to the transmission characteristic for each of the symbols. 
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27. An orthogonal frequency division multiplex signal transmitting method, comprising the steps of: 
preparing a plurality of carrier waves having difference frequencies; 

calculating a set pf an in-phase signal and a quadrature signal from each of a plurality of Information signals 
on a transmitting side for each of symbols; 

inserting a reference signal known on the receiving side Into a particular carrier wave selected from the plurality 
of carrier waves for each of the symbols on the transmitting side while changing the selection of the particular 
earner wave every prescribed time on condition that the reference signal is Inserted into all carrier waves every 
prescribed symbols; 

modulating each of the plurality of carrier waves with one of the plurality of sets of in-phase and quadrature sig- 
nals calculated from the plurality of information signals for each of the symbols to produce a plurality of modu- 
lated carrier waves; 

producing an orthogonal frequency division multiplex signal composed of the plurality of nrrodulated carrier 
waves, by which the plurality of sets of in-phase and quadrature signals of the plurality of information signals 
and the reference signal are candled, for each of the symbols; 

transmitting each of the orthogonal frequency division multiplex signals from the transmitting side to a trans- 
mission path; 

receiving each of the orthogonal frequency division multiplex signals transmitted from the transmission path on 
a receiving side; 

demodulating tiie plurality of modulated carrier waves of the orthogonal frequency division multiplex signal 
received on the receiving side to obtain a plurality of sets of denrxxlulated in-phase and quadrature signals of 
a plurality of demodulated information signals and a demodulated reference signal on the receiving side for 
each of the symbols; 

obtaining a plurality of reproduced information signals from the plurality of demodulated information signals for 
each of the symbols; 

obtaining a reproduced reference signal from the demodulated reference signal for each of tiie symbols; 
comparing the reproduced reference signal witii tiie reference signal known on the receiving side for each of 
tiie symbols on the receiving side to otJtain a plurality of changing degrees from each of a real part of the ref- 
erence signal and an imaginary part of tiie reference signal to each of a real part of the reproduced reference 
signal and an imaginary part of tiie reproduced reference signal; 

detecting a characteristic of tiie ti'ansmission patii for a particular reproduced information signal earned by tiie 
particular modulated carrier wave according to the changing degrees for each of the symbols; 
calculating a first correcting equation for the particular reproduced information signal from the characteristic of 
tiie tiansmission patii for each of the symbols; 

correcting the particular reproduced information signal according to tiie first correcting equation to obtain a first 
corrected information signal for each of the symbols; 

preparing a signal arrangement in which a plurality of signal positions allowed for the plurality of information 
signals are ao'anged; 

preparing an initial second correcting equation; 

correcting the first corrected information signal according to tiie initial second connecting equation or a second 
correcting equation previously calculated to obtain a second corrected information signal for each of the sym- 
bols; 

^ detecting a high speed changing characteristic of the transmission patii for the second corrected information 
signal for each of the symbols according to a difference between a particular signal position selected from the 
signal arrangement for tiie second corrected information signal and a signal position of the second corrected 
information signal; 

calculating an updated second correcting equation for a next symbol from the high speed changing character- 
istic of the fransmission path and the second corrected information signal for a present symbol preceding to 
the next symbol to connect one first connected information signal corresponding to tiie next symbol to one sec- 
ond corrected information signal according to the updated second correcting equation; 
repeating the correction of the first correcting information signal according to the updated second con-ecting 
equation to obtain a plurality of second corrected information signals corresponding to all of the information sig- 
nals; and 

outputting the second corrected information signals for each of the symbols. 

28. An orthogonal frequency division multiplex signal b-ansmltting metiiod according to claim 27, furttier comprising the 
steps of: 

inserting a symbol number, a piece of particular parameter information or a piece of synchronizing symbol 
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information into one of the plurality of modulated carrier waves on the transmitting side for each of the symbols 
while circularly changing a value of the symbol number for each of the symbols; 

demodulating one modulated carrier wave, in which the symbol nunfiber, the particular parameter information 
or the synchronizing symbol information is inserted, on the receiving side for each of the symbols to reproduce 
the symbol number, the particular parameter information or the synchronizing symbol information; and 
specifying the particular carrier wave, in which the reference signal is inserted, according to tiie symbol 
number, tiie particular parameter information or the synchronizing symbol information. 

29. An ortiiogonal frequency division multiplex signal transmitting method according to claim 27, further comprising the 
steps of 

arranging coefficients of the first correcting equation and/or the second correcting equation in a frequency 
order; and 

filter-processing tiie coefficients in a low pass filter on a frequency-axis . 

30. An orthogonal frequency division multiplex signal transmitting method according to claim 27 in which the step of 
correcting the first corrected information signal includes the step of 

repeating the correction of the first corrected information signal during a prescribed number of symbols to 
obtain a plurality of second corrected information signals for tiie prescribed number of symbols, and 

the step of detecting a high speed changing characteristic of the transmission patti comprises the steps of 

calculating a difference between a particular signal position selected from tiie signal arrangement table and a 
signal position for each of the plurality of second corrected information signals; 
calculating an average difference of the plurality of differences; and 

detecting a high speed changing characteristic of tiie transmission path for tiie |3lurality;0f second corrected 
information signals according to the average difference. 

31. An orthogonal frequency division multiplex signal transmitting method according to claim 27 in which the step of 
correcting the first corrected information signal includes the step of 

repeating the correction of the first corrected information signal during a prescribed number of symbols to 
obtain a plurality of second con-ected information signals for the prescribed number of syntjols. 

tiie step of detecting a high speed changing characteristic of tiie transmission path comprises tiie steps of 

calculating a difference between a particular signal position selected from tiie signal an^ngement table and a 
signal position for each of the plurality of second corrected information signals; 

detecting a high speed changing characteristic of the fransmission path for each of tiie second corrected infor- 
mation signals according to one corresponding difference; and 

obtaining an average high speed changing characteristic of the transmission patti from the plurality of high 
speed changing characteristics, and 

tfie step of calculating an updated second correcting equation includes the step of 

calculating an updated second correcting equation used for a plurality of next symbols from the average high 
speed changing characteristic of the transmission path. 

32. An orthogonal frequency division multiplex signal transmitting method according to claim 27 in which the step of 
inserting a reference signal includes the steps of: 

selecting tiie particular carrier wave, into which the reference signal is inserted, while changing a frequency of 
the particular carrier wave every two symbols; 
expressing a real part of the reference signal by X; 

expressing an imaginary part of the reference signal by Y tiie step of obtaining a plurality of reproduced infor- 
mation signals includes the steps of: 

expressing a real part of each of the plurality of reproduced information signals by A'; and 
expressing an imaginary part of each of the plurality of reproduced information signals by B\ 
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the step of obtaining a reproduced reference signal Includes the steps of: 

expressing a real part of the reproduced reference signal obtained from the reference signal con^esponding to 
afirstsynrtbolby POs'; 

expressing an imaginary part of the reproduced reference signal obtained from the reference signal corre- 
sponding to the first symbol by QOs'; 

expressing a real part of the reproduced reference signal obtained from the reference signal corresponding to 
a second symbol following the first symbol by Pis'; and 

expressing an Imaginary part of the reproduced reference signal obtained from the reference signal corre- 
sponding to the second syrrboi by Qls', 

the step of detecting a characteristic of the tran^lssion path Includes the steps of: 

calculating values of two coefficients SO and S1 , 

SO = expos' + Y^Qosl/pcS Y^) 

S1={X*Qos'-Y*Pos')/(X'-Y') 

which denote the changing degrees, according to the reference signal and the reproduced reference signal 
obtained from the reference signal corresponding to the first symbol; 
calculating other values of the coefficients SO and S1 , 

S0 = (X*Pis* + Y*Q^3')/(X%y2) 

S1=(X*Q,s'-Y*Pis1/(X'-y') 

according to the reference signal and the reproduced reference signal obtained from the reference signal cor- 
responding to the second symbol; and 

averaging each of the coefficients SO and S1. the step of calculating a first correcting equation includes the 
step of: 

calculating a value 

1 ( HO. H1>| 
detALm.HO^' 

in which HO = +S0. H1 = +S1, and detA = SO^ + Sl^, as the first correcting equation. 

the step of correcting the particular reproduced information signal includes the step of: 

calculating a real part of the first corrected information signal expressed by A" and an imaginary part of tiie first 
corrected information signal expressed by B" according to a relationship 

©1 (HQ, HU /A\ 
det Av-Hi, H(y W 



by using the real part A' of the particular reproduced information signal, the imaginary part B' of the particular 
reproduced information signal, 

the step of detecting a high speed changing characteristic of the transmission path includes 

determining a particular information signal modulating tiie particular carrier wave on the transmitting side, 
according to the high speed changing characteristic of tiie transmission path and the first corrected information 
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signal, and the step of calculating an updated second con-ecting equation includes 
expressing a real part of the particular information signal by A; 
expressing an imaginary part of the particular information signal by A; 
generating the updated second con-ecting equation expressed by a matrix 



in which KO = (A*A" + B*B")/(A"2 + A"^) and K1 = (A*B" - A"*B)/(A"2 + B"2) are satisfied; and 

con-ecting one first con-ected information signal corresponding to the next symbol to one second corrected 

information signal according to a relationship 

/-(Ah /KO, KU 
V(B>>' ''V-K1,K(y W 



in which a real part of tiie second corrected signal is expressed by (A) and an imaginary part of the second 
connected signal is expressed by <B ). 

33. An orthogonal frequency division multiplex signal transmitting method according to claim 27 in which 
the step of calculating an iqxlated second correcting equation includes 

calculating a weighting factor having a value which increases as tiie difference between the particular signal 
position selected from the signal an^ngement table for the second con-ected information signal and the signal 
position of the second connected information signal is lowered; and 
calculating tiie updated second correcting equation multiplied by the weighting factor 
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FIG. 11 
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FIG. 15 
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